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DISSECTING THE ROLE OF MICRORNAS IN EFFECTOR VERSUS REGU-
LATORY CD4+ T CELL DIFFERENTIATION DURING (AUTO)IMMUNE

RESPONSES IN VIVO

Carolina Cunha’, Paula Vargas Romero’, Daniel Inacio’, Ana Teresa Pais', Catarina Pelicano’, Daniel Sobral’, Marina Costa’, Sofia Mensurado’,

Natacha Gongalves Sousa’, Pedro Papotto, Francisco Enguita’, Anita Q. Gomes'*" and Bruno Silva-Santos'™

Introduction MicroRNAs (miRNAs) are small non-coding
RNAs that negatively regulate gene expression at the post-
transcriptional level. They have been implicated in the regu-
lation of the differentiation and function of CD4+ T cell
subsets, key players in host defense against pathogens, but
also responsible for immune-mediated diseases depending
on the correct vs incorrect balance, respectively, between
pro-inflammatory effector CD4+T cells, including the IFN-y-
producers T helper 1 (Th)1 and the IL-17-producers Th17
cells, and anti-inflammatory regulatory T cells (Treg). While
individual miRNAs were found to regulate the differentiation
of specific CD4+ T cell populations, an approach based on in
vivo responses is still missing and is key to understand how
miRNA networks control this balance in pathophysiology.

Methodology We have established a triple reporter mouse
for Ifng, 1117 and Foxp3, and subjected it to experimental au-
toimmune encephalomyelitis (EAE). We performed miRNA-
seq analysis on Th1, Th17 and Treg cells isolated from the
spleen and lymph nodes (LNs) at peak-plateau stage to iden-
tified miRNA candidates specifically expressed in one of the
cell populations. We have in vivo modulated their expression
levels using antagomiRs and observed the course of EAE

progression and characterised their upstream regulation in
vitro in either Th1 or Th17 differentiation conditions.

Results The miRNA-seq data has allowed the identification
of 110 miRNAs differentially expressed between effector
(Th1 and Th17) and regulatory (Treg) subsets. From those, 9
were specifically upregulated in one population versus the
others. In vivo miRNA modulation showed that silencing
miR-122 precipitated the onset of EAE, whereas overexpressing
miR-1247 decreased the severity of the disease. Cytokine-re-
gulated miR-1247 and miR-122 expression levels inversely
associated with pathogenic signatures of Th1 and Th17
cells between lymphoid and central nervous systems.

Discussion Our results suggest that miR-122 and miR-1247
act as peripheral brakes to CD4+ T cell pathogenicity that
are overruled in the inflamed target organ.These findings
may have important implications for autoimmune diseases.

nstituto de Medicina Molecular Jodo Lobo Antunes, Faculdade de Medicina, Universidade de Lisboa, Lisbon, Portugal.
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USING HRDETECT TO TUNE THE CLASSIFICATION OF VARIANTS OF
UNCERTAIN SIGNIFICANCE IN A PAN-CANCER COHORT OF 10,675

SAMPLES

Orlando P. Rodrigues’?®, Lucia Chmelova'?, Giuseppe Rinaldi"? James Whitworth? Ramsay Bowden? Helen Davies™,

INTRODUCTION Homologous recombination deficiency (HRd)
is crucial to the development and treatment of various
cancers. We explore if HRDetect — a clinical classifier that
uses Whole Genome Sequencing (WGS) data to predict HRd
— could be used in conjunction with ACMG criteria to aid the
classification of variants of unknown significance (VUS) in
HR-related genes. We also survey the HRd status in cancers
with variants of known significance.

METHOD We focused on VUS in BRCA1, BRCA2, PALB2,
RAD51, and RAD51D across 10,675 tumor-germline pairs
within the Genomics England 100,000 genomes project co-
vering 16 tumor types. In total, we identified 1,580 samples
(14,8%) with 2,329 small nucleotide variants (881 germline
vs. 1,448 somatic). Clinical significance of these variants
was annotated using ClinVar.

RESULTS Our findings suggest the potential reclassification
of six VUS as pathogenic, implicating their role in HRd due to
the presence of HRd-associated mutational signatures. Ad-
ditionally, we found that not all cancers with germline patho-
genic and likely pathogenic (P/LP) variants in HR genes had
high HRDetect scores. Among 48 breast cancers (BCs) with
germline BRCA2 P/LP variants, 44 (91,7%) were HRDetect-
high (score>0.5), 4 (8,3%) were HRDetect-low (score<=0.5).
Likewise, somatic events were inconsistent: among 17 BCs

Gene Koh'? Serena Nik-Zainal'?

with somatic BRCA2 (P/LP) variants, 13 (76,5%) were HRDe-
tect-high, 4 (23,6%) were HRDetect-low.

DISCUSSION Our findings highlight the promise of integrating
HRDetect score into ACMG criteria to inform VUS classification.
While our analysis was limited by sample size, it underscores
the need for further research to comprehensively assess the
added value of HRDetect in VUS clinical interpretation. In cli-
nical practice, tumour fraction and/or variant allele fraction
(VAF) are commonly used to distinguish passenger from
driver events. Mainstream sequencing approach based on
targeted panels often precludes accurate tumour purity in-
formation. While higher VAF generally correlates with high
HRDetect score status, we have found HRDetect-high samples
with variants present at VAF as low as 0.1, raising the
question as to what VAF threshold is optimal. Moreover,
carriers of germline pathogenic variants in HR genes may
develop sporadic cancers driven by other driver events (i.e.,
HRDetect-low cases), limiting the efficacy of targeted therapies.
This work presents the challenges inherent in making evi-
dence-based clinical decisions in genomic testing.

DOI: Serena Nik-Zainal holds patents on HRDetect
(PCT/EP2017/060294)

'Early Cancer Institute, Department of Oncology, University of Cambridge, Cambridge CB2 0XZ, UK.
?Academic Department of Medical Genetics, School of Clinical Medicine, University of Cambridge, Cambridge CB2 9NB, UK.
*Medical Genetics Department, Hospital Pediatrico do Centro Hospitalar e Universitario de Coimbra
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A PROMISING SUBSTRATE REDUCTION APPROACH FOR A RARE GE-
NETIC DISEASE: MUCOPOLYSACCHARIDOSES TYPEIlI

Juliana I. Santos’?**, Mariana Gongalves'**%, Sofia Carvalho™**, Liliana Matos’**, Paulo Gaspar®, Maria Jodo Prata®’,

Introduction The term RNA therapy has gained more and
more attention over the last years and has reignited research
interest since the COVID-19 pandemic, due to the effectiveness
of mRNA-based vaccines. In fact, recent advances in the
production, modification and cellular delivery of RNA molecules
are facilitating the expansion of RNA-based therapeutics.
That is why many RNA drugs are approved for clinical practice
and many others are in clinical trials, targeting diseases that
cannot be treated by other conventional drugs.

We have been addressing the potential antisense oligonu-
cleotides (ASOs) and small interfering RNAs (siRNAs) to
correct/ameliorate the sub-cellular phenotype of a particular
subset of genetic diseases caused by lysosomal dysfunction.
Our goal is to reduce the accumulation of the non-degraded
substrate (in this case, the glycosaminoglycan (GAG) heparan
sulphate) in cells and tissues of Mucopolysaccharidoses
type Il patients.

Methodology Different ASOs (steric block splicing switching
ASOs and gapmer ASOs) and siRNAs, targeting the XYLT1
gene (involved in GAGs biosynthesis), were designed and
transfected in MPS Il patients’ fibroblasts. The results at
cDNA and mRNA levels were evaluated by RT-PCR and qRT-
PCR, respectively. Their effect on protein will be evaluated

Maria Francisca Coutinho™** Sandra Alves'**

through western blot assays and the GAGs accumulation
will be addressed by LC-MS/MS.

Results We observed the expected splicing modulation after
the transfection of the steric block splicing switching ASOs,
leading to the skipping of XYLT1 target exons. Similarly, the
XYLTT mRNA downregulation was obtained after the trans-
fection of gapmer ASOs and siRNAs (a range of 4 to 15
times less expression compared to non-transfected fibroblasts).
The effects on protein level and GAGs accumulation are cur-
rently being addressed.

Discussion Overall, this approach confirmed the ability of
specific ASOs to modulate RNA splicing as well as the
capacity of gapmers ASOs and siRNAs to promote a reduction
in mRNA levels of the target gene, thus paving the way for
future studies on the therapeutic potential of this strategy.

Acknowledgements This work is partially supported by FCT
(2022.04667.PTDC), SPDM (2019DGH1629/SPDM2018I&D
and 2020DGH1834) and SCF (2019DGH1656/SCF2019I&D).
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THE SOMATIC LANDSCAPE OF DIFFUSE GASTRIC CANCERS
OCCURRING IN CTNNAT GERMLINE VARIANT CARRIER PATIENTS

Silvana Lobo"?*, Alexandre Dias'*°, Marta Ferreira'**, Nelson Martins'?*, Rita Barbosa-Matos'**, Jodo Fonseca'?*, José Garcia-Pelaez'**, Chrystelle Colas®’, Robert
Hiineburg™®®, Jacob Nattermann™®’, Lise Boussemart’®'", Liselotte P. van Hest'?, Leticia Moreira'*'*'*, Carolyn Horton'®, Dana Farengo Clark’, Sigrid Tinschert’®'*, Lisa
Golmard®’, Isabel Spier"®?, Adria Lopez-Fernandez"*', Daniela Oliveira®*%, Magali Svrcek?%, Pierre Bourgoin®, Helene Delhomelle®’, Jeremy Davis?, Birthe Zancker®,
Conxi Lazaro™, Joana Guerra®*®, Manuel R Teixeira®"*°, Kasmintan A Schrader’"* Paul Mansfield®®, Verena Steinke-Lange™***, Sérgio Sousa?****, Manuela Baptista®,
Stefan Aretz"*%°, Judith Balmaiia™', Melyssa Aronson®’, Augusto Antoniazzi®®, Edenir Inéz Palmero®“, Lizet E van der Kolk*', Annemieke Cats*, Jolanda M van Die-
ren*, Sergi Castellvi-Bel®'*', Bryson W. Katona'’, Rachid Karam'®, Florence Coulet®, Patrick R. Benusiglio***, Paulo S. Pereira'*, Carla Oliveira"*">"

Introduction: Rare CTNNAT truncating variants occur in He-  loss of expression in tumors but not in normal tissue. Principal

reditary Diffuse Gastric Cancer patients. Carriers of germline
CTNNAT truncating variants present increased lifetime-risk
(49%-57%) of developing diffuse gastric cancer (DGC) by age
80. Little is known about other genotype-phenotype correlations
and the somatic triggers of DGC in these patients.

Methodology: We used multivariable logistic regression ana-
lysis to derive genotype-phenotype associations in carriers
of germline CTNNAT variants predicted or not to cause pre-
mature termination codons (categories: PTC or non-PTC),
and assessed the DGC transcriptomic landscape using FFPE-
derived RNA from DGC and paired normal stomach tissue
from these carriers.

Results: 172 CTNNA1 variants (FREQ<0.1%) were found in
344 families (1802 phenotypes; 1604 individuals), 76% pre-
dicted as PTC. Only in Europe, DGC (average age of on-
set=47.4+13.9yo) most likely occurs in PTC than non-PTC fa-
milies (OR=13.87; p<0.001). We next analyzed tumor and
matched normal transcriptomes from 11 DGC cases (9 from
PTC and 2 from non-PTC carriers; average age of on-

component analysis clearly separated tumor from normal
samples. The tumor transcriptome was characterized by 32
significantly downregulated and 394 upregulated genes in
comparison to normal (p<0.01; differential expression (DE)
considered 2-fold increase/decrease in tumors vs normal).
Cell architecture organization and integrity, cell proliferation,
migration, angiogenesis and immune response were the
most significant biological and molecular processes com-
promised within tumors. A set of genes encoding therapy
targets were also found significantly upregulated in tumors.
Discussion: In European families, early-onset DGC was inde-
pendently associated with CTNNAT1 PTC variants. We demonstrate
that CTNNA1-mutant tumors significantly diverge from normal
gastric mucosa, presenting a somatic landscape recapitulating
the behavior of poorly cohesive, invasive, proliferative and mi-
gratory cancer types. Furthermore, we highlight the potential
for targeted therapy in CTNNAT1-variant carrier DGC cases.

Acknowledgements: FCT PhD fellowship (Ref 2020.05773.BD);
ERN-GENTURIS (Project ID N0.739547); LEGOH Project (Ref
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set=48.7+10.6y0). Immunohistochemistry showed aE-catenin
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MEDICALLY ACTIONABLE SECONDARY FINDINGS FROM WHOLE
EXOME SEQUENCING (WES) DATA IN A SAMPLE OF 3,972 INDIVIDUALS

Mafalda Melo'? Paulo Silva*®, Mariana Ribeiro®*, Susana Valente®”, Filipe Alves?, Ana Coutinho?, Margarida Venancio', Jorge Sequeiros®**,

Introduction: The application of whole-exome sequencing
(WES) for diagnostic purposes has the potential to unravel
secondary findings unrelated with the primary purpose of
the genetic test. These are of high clinical utility and comprise
diseasecausing variants in genes related to life-threatening
and/or preventable diseases. Clarifying the allelic frequencies
of disease-causing variants in specific populations is a
crucial step in implementing genomic medicine on a large
scale. However, this data is currently unavailable for the Por-
tuguese population.

Methodology: We analyzed medically actionable variants in
81 genes from the ACMG list (v3.2) of actionable loci using
WES data obtained from a large laboratory cohort comprising
12,167 samples which was tentatively resampled to be re-
presentative of the Portuguese population (3,972 individuals).
Results: We identified a total of 643 (230 distinct) pathogenic
(PAT) or likely pathogenic (L-PAT) variants across 49 ACMG
genes, with an overall frequency of 8.1%.

Cardiovascular diseases group was the most predominant
with actionable results (2.6% of the individuals), being the
most frequent PAT/L-PAT variants found in genes related to

*2,3
,

Jodo Parente Freixo™® Diana Antunes™, Jorge Oliveira™®

cardiomyopathies (TTN and MYH7), dyslipidemias (LDLR),
heart conduction disorders (KCNQ1), and aortopathies (FBN1).
The second represented group of disorders was cancer pre-
disposition (1.7%) and included variants in genes related to
colon cancer (PMS2, MSH6 and MSH2) and breast cancer
susceptibility (BRCA2, PALB2, and BRCA1). Finally, we also
observed actionable variants related with miscellaneous di-
sorders (1.0%) and metabolic disorders (0.1%), such as here-
ditary transthyretin amyloidosis (TTR), malignant hyperthermia
(RYR1), and the X-linked Fabry disease (GLA).

Discussion: Overall, our results suggest that medically actio-
nable findings can be identified in approximately 5.4% of the
Portuguese population. To the best of our knowledge, this is
the first study estimating medically actionable findings in
our country. These results provide valuable information for
patients, practitioners, and stakeholders involved in genomic
medicine. Ultimately, they may support the implementation
of an organized genomic opportunistic screening program,
tailored to improve healthcare in Portugal.

1 Unidade de Genética Médica, Centro Hospitalar Universitério de Lisboa Central (CHULC), Lisboa, Portugal
2 Centro de Genética Preditiva e Preventiva (CGPP), Instituto de Biologia Molecular e Celular (IBMC), Instituto de Investigagao e Inovagao em Saude (i3S), Universidade do

Porto, Portugal

3 UnIGENe, Instituto de Investigagdo e Inovagao em Saude (i3S), Universidade do Porto, Portugal

* Departamento de Ciéncias Médicas, Universidade de Aveiro

5 ICBAS - Instituto de Ciéncias Biomédicas Abel Salazar, Universidade do Porto, Porto, Portugal
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WHOLE-EXOME SEQUENCING AT A PORTUGUESE MEDICAL GENETICS
CENTRE: 883 CASES OVER AN 8-YEAR PERIOD

Sara Pinho, Raquel Gouveia Silva, Catarina Macedo, Mariana Neves, Marta Soares, André Travessa, Mariana Soeiro e S3,
Marcia Rodrigues, Patricia Dias, Oana Moldovan, Juliette Dupont, Ana Berta Sousa

Introduction: Whole-exome sequencing (WES) has become
a fundamental diagnostic tool for patients with a suspected
monogenic disorder, especially in complex cases with unknown
clinical diagnosis. This study analyzed the patient characte-
ristics and WES results obtained since we first began using
this test.

Methodology: We performed a retrospective analysis of 883
WES reports, consecutively requested between January 2015
and March 2023 at our Medical Genetics Centre. Each report
belongs to a different patient or family, with a wide range of
clinical indications.

Results: WES was performed in patients of all ages, including
40 in the prenatal period. Causal pathogenic or likely pathogenic
variants were identified in 324 cases, resulting in an overall
diagnostic yield of 37%. 4 patients had two diagnosis. In
total, there were 223 autosomal dominant, 69 autosomal re-
cessive, 32 X-linked and 1 mitochondrial conditions diagnosed.
3 patients were mosaic for an autosomal dominant disease.
In 4 cases, new disease associations were established with
additional collaborative work-up. 2 further patients have pro-

mising variants in candidate genes. Variants of uncertain
significance were found in 186 families. In 73%, only the pro-
band was tested. WES-trio, including the proband’s parents,
was carried out in 23% of families, with a higher diagnostic
yield (48% versus 33% in proband-only cases). Most patients
(77%) had a neurodevelopmental phenotype. Interestingly,
the rate of diagnosis was higher in individuals with neurological
features, whether isolated or syndromic. 21 consenting
subjects had variants in actionable genes belonging to the
American College of Medical Genetics and Genomics list.

Discussion: Our diagnostic yield was slightly higher than in
other case series with heterogeneous cohorts, with reported
rates of 28 to 30%, which probably reflects differences in
criteria for requesting WES across medical Centres. Trio ana-
lysis also improved the diagnostic yield and saved in subse-
quent segregation studies. WES was an invaluable tool in
reaching etiological diagnosis, with an impact on counselling
regarding prognosis, recurrence risk and, at times, therapeutic
options.

Servigo de Genética Médica, Departamento de Pediatria, Centro Hospitalar Universitario Lisboa Norte, Lisbon, Portugal
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HICKAM'S DICTUM: KEEPING UP WITH THE DIAGNOSES

Susana Lemos Ferreira’, Joana A. Catanho', Mafalda Melo’, Sofia Nunes’, Rui Gongalves’, Marta Amorim? Diana Antunes’,

Mércia Rodrigues®, Teresa Kay', Inés Carvalho', Margarida Venancio’

Introduction: Hickam's dictum is the principle upon is statis-
tically more likely that a patient with multiple symptoms has
a combination of diseases rather than only one diagnosis
that fully explains the complete phenotype. Dual genetic
diagnoses (DGD) consist of distinct or blend clinical diagnoses
of more than one locus that segregates independently. In-
creasing diagnostic yield with techniques such as whole
exome sequencing (WES) is associated with rise of unbiased
DGD. Data from literature estimates that 7% of cases have
DGD.

Aim and methods: Retrospective review of pediatric patients
with DGD referred to our Genetics Department (2001-2023), to
identify and assess their clinical and genetic characteristics.

Results: 25 patients were identified with a confirmed or po-
tentially DGD. In 20/25 DGD were confirmed, clinical consistent
with the phenotype and genetic results were classified as
likely pathogenic/pathogenic. In 5/25 cases, one variant was
classified as uncertain significance but considered to be of
potential clinical relevance. The main indication for referral
was multisystemic disease 22/25. 3/25 patients were referred

!Servigo de Genética Médica, Centro Hospitalar e Universitario de Lisboa Central, Lisboa, Portugal
2Consulta de Genética Médica, Hospital dos Lusiadas, Lisboa, Portugal
3 Servigo de Genética Médica, Centro Hospitalar e Universitario de Lisboa Norte, Lisboa, Portugal
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with a previous genetic diagnosis that did not fully explained
the phenotype. Of the cases without previous diagnosis
(22/25), 12 presented with atypical features, 2 had a blended
phenotype and 8 had a second diagnosis after clinical
validation of incidental/secondary findings reported. In most
cases on 15/25 the first-tier test provided DGD. Primary diag-
noses were obtained by WES in 13 cases and by array in
7, and secondary diagnoses by WES in 14 and array in 8.

Conclusion: DGD should be considered when a patient
presents with atypical features, especially if associated with
multisystemic phenotype. In most cases, clinical suspicion
was the main drive to continue investigation. WES data im-
proves our diagnostic capacity by identifying diagnoses that
might be difficult to assert, even with deep phenotyping.
This review provides important data suggesting that a diag-
nostic investigation is not necessarily complete after achieving
one diagnosis and pursuing a DGD have implications in esta-
blishing patient’s prognosis, management and proper genetic
counselling.
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AN INSIGHT ON THE ORIGINS OF HEREDITARY DIFFUSE GASTRIC
CANCER THROUGH ORGANOID DRIVEN ORGAN ON-A-CHIP

TECHNOLOGY

Daniel A. Ferreira *", Rita Barbosa-Matos **°, Luzia Garrido **¢, Ana C. Brito **°, Jodo Fonseca *¢, Silvana Lobo **°, Ana Moutinho **

Alexandre Dias **, Irene Gullo **¢, Ana Mamede *, Mengwei Yang %, Aldana G. Gojanovich 9, Renata Oliveira *¢, Jodo Parente Freixo ", Pedro Louro

il Ana Rita Ferreira Pacheco Quental %, Ana Grangeia ¢, Hugo Pinheiro *** Peter Ertl', Pedro L. Granja %, Susana Fernandes °, Fatima Carneiro %,

Introduction Hereditary Diffuse Gastric Cancer (HDGC), caused
by CDH1 loss of function, can only be prevented with prophy-
lactic removal of stomach and breasts. The growing number
of prophylactic surgeries hamper the study of disease
initiation. Herein, we present the development of a biomimetic
HDGC model combining organ-on-a-chip technology with pa-
tient-derived induced pluripotent stem cells (iPSCs) to over-
come the lack of patients’ target organs.

Methodology We developed a microfabrication methodology
based on xurography to engineer a functional stomach-on-a-
chip, which was tested for biomimetic stretching capability
and structural integrity. This was characterized with immu-
no-fluorescence, enzymatic, and trans-epithelial transport
assays. Patients’ blood samples were collected for the esta-
blishment of a biobank of HDGC families with peripheral mo-
nonuclear blood cells (PBMCs) and its derived iPSCs. iPSCs
were obtained using the Sendai virus integration-free method.

i3S - Instituto de Investigagdo e Inovagao em Saude, Universidade do Porto

b Ipatimup - Institute of Molecular Pathology and Immunology, Universidade do Porto

< ICBAS - Instituto de Ciéncias Biomédicas Abel Salazar, Universidade do Porto
4 CHUS]J, Centro Hospitalar e Universitario de Sao Jodo, Porto, Portugal

¢ Faculty of Medicine of the University of Porto

fCHUP, Centro Hospitalar Universitario do Porto

Sérgio Castedo **, Gustavo Mostoslavsky 9, Carla Oliveira *>¢

Results We designed and fabricated a stomach-on-a-chip
device emulating the 3 inner gastric layers and recapitulating
gastric peristaltic-like motion, intraluminal-flow, cell polarization,
barrier function, pepsin activity, and the gastric lumen. We
also established and characterized iPSCs from 9 patient-
derived PBMCs, which were validated for pluripotency and
further differentiated into stomach organoids. The stomach-
on-a-chip is ready to be populated with HDGC patient-derived
organoids.

Discussion We created a functional stomach-on-a-chip that
can be produced in a few hours, and a unique infrastructure
that will allow recreating organs that no longer exist from
HDGC patients submitted to life-saving prophylactic surgery.
This is a pioneer model to study early diagnosis and treatment
in HDGC.

Funding Researcher/Horizon_Europe/i3S/2311/2022
LEGOHProject/PTDC/BTM-TEC/6706/2020
DETONATEProject/2022.02951.PTDC

& Center for Regenerative Medicine (CReM), Boston University School of Medicine, Boston, United States
b Center for Predictive and Preventive Genetics, Institute for Molecular and Cell Biology

iMedical Genetics Service, Centro Hospitalar Universitario de Sao Joao

i Faculty of Health Sciences, Universidade da Beira Interior

k Department of Internal Medicine,Centro Hospitalar Tamega e Sousa

! Faculty of Technical Chemistry, Vienna University of Technology (TUW)
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CHARACTERIZING HERITABLE TP53-RELATED SYNDROME IN
PORTUGAL: INSIGHTS FROM THE FIRST NATIONAL COHORT

Rita Quental’, Alexandre Dias? Luzia Garrido'? Sénia Sousa®, Maria Jodo Pina®, Pedro Louro', Renata Oliveira’, Jodo Parente Freixo'**, Carla
Pinto®, Jogo Silva®, Catarina Macedo’, Juliette Dupont’, Patricia Dias’, Raquel Gouveia Silva’, Mariana Soeiro e Sa’, Ana Berta Sousa’, Sofia
Maia®®™® Jorge M. Saraiva®®'', Nataliya Tkachenko'?, Ana Fortuna'? Gabriela Soares™, Marcia Martins'®, Alexandra Gongalves-Rocha', Maria
Lopes de Almeida'®, Gabriela Sousa'®, Joana Rosmaninho-Salgado®®'®, Marta Amorim’®, Catarina Machado'”, Fabiana Ramos®®'®, Inés Carvalho'®,

Diana Antunes'®, Margarida Venancio'®, Sofia Fernandes®, Manuel R. Teixeira®, Sérgio Castedo'”, Carla Oliveira

Introduction: Heritable TP53-related cancer syndrome is a rare
inherited genetic condition that significantly increases an indi-
vidual's susceptibility to various types of cancer. This syndrome
results from heterozygous pathogenic variants in the TP53
gene, which regulates the transcription of target genes involved
in cell cycle control, DNA repair, and apoptosis.

Methodology: We performed a retrospective analysis of
clinical and molecular data from families with TP53 germline
variants collected from 12 Portuguese hospitals.

Results: Our dataset includes 91 families with pathogenic (P)
or likely pathogenic (LP) TP53 germline variants. Two of these
families had an additional deleterious variant in a different
gene (ATM/CHEK2) and were excluded from the analysis. The
remaining 89 families include 114 affected carriers (81 females,
32 males, 1 not reported) and 156 affected relatives with unde-
termined molecular status (66 females, 47 males, 43 not
reported). Thirteen families fulfilled the classical LFS criteria,
42 met the revised Chompret criteria, and 34 did not fulfil any
established criteria. Mosaicism was suspected or confirmed in
6 additional patients. Of the 270 affected individuals, 64 (24%)
developed multiple tumours, predominantly females (68%). Thir-

I-Servigo de Genética Médica, Centro Hospitalar de Sdo Jodo, Porto, Portugal;

2 Instituto de Investiga¢do e Inovagao em Satide (i3S), Universidade do Porto, Porto, Portugal;
3 Instituto de Patologia e Imunologia Molecular da Universidade do Porto, Porto, Portugal;
+CGPP-IBMC, Universidade do Porto, Porto, Portugal;

> Servigo de Genética Laboratorial, Instituto Portugués de Oncologia do Porto, Porto, Portugal;
o Servigo de Genética Médica, Instituto Portugués de Oncologia do Porto, Porto, Portugal;

2

ty-eight patients received a cancer diagnosis in childhood, with
sarcomas (53%), central nervous system (CNS) tumours (21%),
and adrenocortical carcinoma (11%), being the most common
malignancies. In adult patients, breast cancer (38%), sarcomas
(12%), gastric cancer (8%), and CNS tumours (7%) were the
most common. Regarding TP53 mutational spectrum, 47
different germline P/LP variants were identified: 30 were
missense, 7 frameshift, 5 nonsense, and 5 splicing variants. In
particular, the p.(Arg337His) was the most frequently observed
variant, followed by p.(Arg282GIn), p.(Arg196%*), p.(Arg158His),
p.(Arg248GIn), and p.(Arg267Trp), which together accounted
for 40% of the families. In 12 patients the TP53 variant was
found to be de novo. Dominant-negative variants tend to cause
tumours at an earlier age than loss-of-function variants (mean
[SD] 37.9 years [17.9] vs. 39.8 years [17.4], p=0.176), although
this difference did not reach statistical significance.

Conclusions: This study has increased our knowledge of here-
ditary TP53-related syndrome in the Portuguese population. It
serves as a starting point for future analyses to better understand
genotype-phenotype relationships, ultimately improving sur-
veillance for individuals with disease-causing variants.

7-Servigo de Genética Médica, Departamento de Pediatria, Hospital de Santa Maria, Centro Hospitalar Lisboa Norte, Lisboa, Portugal;
8 Servigo de Genética Médica, Hospital Pediétrico, Centro Hospitalar e Universitario de Coimbra, Coimbra, Portugal;

°-Centro Académico Clinico de Coimbra, Coimbra, Portugal;

10-Clinica Universitdria de Genética, Faculdade de Medicina, Universidade de Coimbra, Coimbra, Portugal;

11-Clinica Universitéria de Pediatria, Faculdade de Medicina, Universidade de Coimbra, Coimbra, Portugal;

12-Centro de Genética Médica Doutor Jacinto Magalhaes, Centro Hospitalar Universitrio de Santo Anténio, Porto, Portugal;
13-Servigo de Genética Médica, Centro Hospitalar de Tras-os-Montes e Alto Douro, Vila Real, Portugal;

'+ Unidade de Genética Médica, Hospital de Braga, Braga, Portugal;

15 Departamento de Oncologia Médica, Instituto Portugués de Oncologia de Coimbra Francisco Gentil, Coimbra, Portugal;

16 Unidade de Genética Médica, Hospital Dr. Nélio Mendonga, SESARAM;
7Hospital Prof. Doutor Fernando Fonseca, Amadora, Portugal;
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19-Servigo de Genética Médica, Hospital Dona Estefania, Centro Hospitalar Lisboa Central, Lisboa, Portugal;
2-Clinica de Risco Familiar, Instituto Portugués de Oncologia de Lisboa Francisco Gentil, Lisboa, Portugal
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CLINICAL AND MOLECULAR CHARACTERISATION OF BAF COMPLEX-
RELATED SYNDROMES IN THE PORTUGUESE POPULATION

Daniela Oliveira™*® Sara Pinho?, Joana Silva®, Rita Quental®, Inés V. Carvalho’, Inés Nunes Vicente®, Carla Marques®, Cristina
Pereira®, Jodo Paulo Oliveira®, Margarida Venancio®, Ana Berta Sousa®, Jorge M. Saraiva®*'°, Sérgio B. Sousa'*?

INTRODUCTION: The BAF chromatin remodelling complex
plays a crucial role in regulation of gene expression, cell dif-
ferentiation, and neural development. The BAF complex-
related syndromes are a growing group of autosomal dominant
conditions resulting from mutations in over 29 genes that
disrupt its function. In this group, Coffin-Siris and Nicolai-
des-Baraitser syndromes were the first to be recognised but
several other intellectual disability (ID) phenotypes are being
delineated.

METHODOLOGY: Clinical and molecular characterisation of
cases with BAF complex-related syndromes from four national
hospital centres based on retrospective analysis of medical
records.

RESULTS: We describe 38 patients, from 37 different families,
with molecularly confirmed BAF complex-related syndromes
due to variants in ARID1B (n:19), ADNP (n:3), ARID2 (n:3),
SMARCA2 (n:3), SOX11 (n:3), SMARCB1 (n:2), SMARCC2
(n:2), ARIDTA (n:1), BCL11A (n:1) and SMARCA4 (n:1). In two
cases, the variant was inherited. We report 17 females and
21 males aged from 4 to 34 years-old (age at diagnosis: 1—
33). All assessed patients presented developmental delay/ID:
28% mild, 44% moderate, 24% severe and 4% profound, 27%
of them with absent speech. Most patients had hypotonia

(72%) and central nervous system abnormalities (70%), par-
ticularly anomalies of corpus callosum (40%), and seizures
were present in 26%. Other frequent medical issues were
visual impairment (69%), cryptorquidism (65%), feeding pro-
blems (53%) and frequent infections (53%). Most common
dysmorphic features included broad nasal tip (57%), large
mouth (52%), prominent eyelashes (52%), thick lower vermillion
(50%), hypertrichosis (46%), thick eyebrows (46%), coarse
face (45%), broad nasal base (43%), and hypoplastic 5th
finger/toenail (38%).

DISCUSSION: BAF complex-related syndromes are a frequent
group of neurodevelopmental disorders, being this multicentre
study the first on a large cohort of Portuguese patients.
Classical associated features, such as ectodermal anomalies,
coarse face and 5th digit hypoplasia, were also commonly
found in our cohort. However, we report a higher incidence of
seizures and absent speech. ARID1B was confirmed as the
most frequent gene involved. Thorough description of popu-
lation cohorts contributes to increase an in-depth knowledge
of their natural history, genotype-phenotype correlations, and
to accurate counselling and personalised management of
these patients on a national context.

! Medical Genetics Unit, Hospital Pediatrico, Centro Hospitalar e Universitario de Coimbra, Coimbra, Portugal;

2University Clinic of Genetics, Faculty of Medicine, University of Coimbra, Portugal;
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¢Medical Genetics Unit, Sao Joao University Hospital Centre, Portugal;

7Neurology Unit, Coimbra Hospital and University Centre, Portugal;

8Child Development Centre, Paediatric Hospital, Coimbra Hospital and University Centre, Portugal;
°Paediatric Neurology Unit, Paediatric Hospital, Coimbra Hospital and University Centre, Portugal;
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A NOVEL FRAMESHIFT VARIANT IN NADSYN1 GENE ASSOCIATED WITH
VERTEBRAL, CARDIAC, RENAL, AND LIMB DEFECTS SYNDROME 3

Marisa Rodrigues’?, Leonor Dias*®, Ana Correia-Costa'? Ana Grangeia®’, Miguel Le&o*

INTRODUCTION Nicotinamide adenosine dinucleotide (NAD)
synthetase 1, encoded by NADSY1 gene, is responsible for
the last step in NAD biosynthesis, whose alterations impair
cell metabolism and embryogenesis. We report a case of a
17yo girl with spondylocostal dysostosis (SCDO), aortic
coarctation (CoA) and renal failure.

CLINICAL CASE Third child born to healthy and non-consan-
guineous parents with irrelevant family history. Gestational
diabetes was diagnosed, and fetal karyotype performed due
to advanced maternal age was normal. The newborn was
admitted to NICU on D2 of life due to suspected congenital
heart disease. Postductal CoA was confirmed and surgically
corrected at D5. She developed acute renal failure on the
same day, progressing to end-stage renal disease. Thorax X-
ray showed cervical and dorsal hemivertebrae with rib
deformity of the left hemithorax. After discharge, she has a
multidisciplinary follow-up. At age 5, she had her 1st genetic
evaluation. Vertebral MR presented thoracic convexity scoliosis
globally anomalous thoracic vertebrae with butterfly wing
morphology. Additionally, right deafness and left transmission

! Servigo de Cardiologia Pediatrica do Centro Hospitalar de Sio Jodo, Porto, Portugal
2 Faculdade de Medicina da Universidade do Porto, Portugal

3 Servigo de Neurologia do Centro Hospitalar de Sao Jodo, Porto

4 Servigo de Genética Médica do Centro Hospitalar de Sao Jodo, Porto

hypoacusis were diagnosed. Molecular studies of DLL3,
MESP2, LFNG, HES7, JAG1 genes and aCGH were normal. At
15y0, she underwent surgery to correct severe scoliosis.
Clinical exome was inconclusive. Recent reanalysis revealed
2 variants in apparently compound heterozygosity in NADSYN1
gene (NM_018161.5): ¢.1481_1484del (p.Tyr494Cysfs*5) and
c.1717G>A (p.(Ala573Thr), allowing the diagnosis of NAD-
SYNT-associated vertebral, cardiac, renal, and limb defects
(VCRL) syndrome 3 with autosomal recessive inheritance.
Progenitors’ segregation studies are in course.

DISCUSSION The association of bi-allelic pathogenic variants
in NADSYNT1 with multisystemic presentation (vertebral, car-
diac, renal and limb abnormalities) was described by Szot et
al. (2020). Only 19 clinical cases of NADSYN1-associated
VCRL syndrome 3 have been published, and none with hy-
poacusia (Aubert-Mucca et al., 2023). Also, the frameshift
variant ¢.1481_1484del has never been reported. This work
expands the clinical and genetic spectrum of NADSYNT1-as-
sociated VCRL syndrome 3.
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HIGH-LEVEL OF GNA11 MOSAICISM IN A CASE OF SYNDROMIC CUTIS
MARMORATA TELANGIECTATICA CONGENITA- A CASE REPORT

COMPARED WITH THE LITERATURE

Introduction: The GNAQ and GNAT11 genes codify for proteins
mediating signals between G protein coupled receptors and
downstream intracellular effectors, including the ones in en-
dothelial cell signalling linked to the RAS/MAPK pathway.
Postzygotic variants in these genes have been implicated in
different types of cutaneous capillary malformations both in
isolated lesions and complex syndromic pathologies. We
report a patient with high-level GNAT1 mosaicism and a
complex syndromic phenotype with cutis marmorata telan-
giectatica congenita (CMTC).

Case report: 17-year-old female, referred to genetics at 22
months due to CMTC, hypotonia and global developmental
delay (GDD). She presented microcephaly, left body hemihy-
poplasia, large Mongolian spot, glabellar hemangioma, facial
telangiectases and cutis marmorata predominantly of the
limbs and the trunk. This skin phenotype improved with age.
She evolved with moderate intellectual disability, attention
deficit hyperactivity disorder and behavioural problems. At 7
years of age she was diagnosed with arterial hypertension
and multicystic kidneys. Additionally she had hemiplegic mi-
graine and Raynaud phenomenon complicated with painful
perniosis lesions. Capillaroscopy revealed sclerodermic chan-
ges with dilated capillaries and megacapillaries. At 16 years
she was hospitalized with an acute digestive haemorrhage,
portal hypertension and gastroesophageal varicose veins.
Portal angio-TC revealed intra-hepatic portal veins absent/dif-
ficult to visualize and profuse collateral vascularization. No
germinal variants were identified in aCGH and WES testing,
however WES testing in DNA from a mucosa swab uncovered
a ¢.548G>A, p.(Arg183His) variant in GNAT1 gene with an
allele frequency (VAF) of 25%.

Mariana Neves, Patricia Dias

Discussion and conclusions: Postzygotic variants in codon
183 of GNAT1 gene have been associated with a diverse
range of congenital capillary malformations and variable
systemic manifestations. A previously reported patient har-
bouring the same variant1 but with a smaller VAF of 6-9%
presented mild GDD, mixed vascular naevus and arterial hy-
pertension. We compare our case with 14 additional pa-
tients1-7 with different variants affecting this codon, all with
lower levels of mosaicism. Body asymmetry (10/15), GDD
(4/15) and arterial hypertension (3/15) were the most common
additional features, and none was described with internal
organ vascular abnormalities identical to our patient. The
severity of our patient’s phenotype might be explained by
the higher level of mosaicism.

Referéncias: ' Beteta-Gorriti V. et al. Mixed vascular naevus syndrome:
report of three children with somatic GNA11 mutation and new systemic
associations. Clin Exp Dermatol. 2022 Jan;47(1):129-135. doi:
10.1111/ced.14848 ;> Thomas AC. et al. Mosaic Activating Mutations in
GNA11 and GNAQ Are Associated with Phakomatosis Pigmentovascularis
and Extensive Dermal Melanocytosis. J Invest Dermatol. 2016
Apr;136(4):770-778. doi: 10.1016/}.jid.2015.11.027;

3 Sliepka JM. Et al. GNA11 brain somatic pathogenic variant in an
individual with phacomatosis pigmentovascularis. Neurol Genet. 2019
Oct 30;5(6):e366. doi: 10.1212/NXG.0000000000000366; * Couto JA. Et
al. A somatic GNA11 mutation is associated with extremity capillary
malformation and overgrowth. Angiogenesis. 2017 Aug;20(3):303-306.
doi: 10.1007/s10456-016-9538-1; ° Davies OMT. Et al. Early-onset hyper-
tension associated with extensive cutaneous capillary malformations
harboring postzygotic variants in GNAQ and GNA11. Pediatr Dermatol.
2022 Nov;39(6):914-919. doi: 10.1111/pde.15103; © Schuart C. et al.
Cutis marmorata telangiectatica congenita being caused by postzygotic
GNA11 mutations. Eur J Med Genet. 2022 May;65(5):104472. doi:
10.1016/j.€jmg.2022.104472; " Beteta-Gorriti V. et al. Mixed vascular
naevus syndrome: report of three children with somatic GNA11 mutation
and new systemic associations. Clin Exp Dermatol. 2022 Jan;47(1):129-
135.doi: 10.1111/ced.14848.
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FIRST FAMILIAL CASE OF 16P13.3 MICRODELETION SYNDROME -
TWO NEW CASES ILLUSTRATING THE PHENOTYPE OF THIS RECENTLY

DESCRIBED SYNDROME

C. Macedo', R. Rodrigues’, M. Soeiro e S&', J.P. Monteiro? A. Sousa’, A.B. Sousa’

Introduction: Deletions within 16p13.3, encompassing the
genes TBC1D21 and ATP6VOC and distal to CREBBP, have
been associated with a novel microdeletion syndrome. Initially
described in 2019, this emerging clinical entity is characterized
by microcephaly, developmental delay (DD)/intellectual disa-
bility (ID), and epilepsy. Epilepsy typically manifests within
the first few years of life, with all affected individuals expe-
riencing generalized seizures requiring polytherapy.

Methodology: Detailed phenotypic and molecular characte-
rization of two related affected patients.

Results: We report a 2-year-old boy born to non-consanguineous
parents, referred to our clinic due to DD (he started walking
at 20 months of age and said his first words at nearly 2
years old) and behavioural problems (hyperactivity and social
interaction deficits). On examination, he presented hirsutism,
microcephaly, brachycephaly, arched eyebrows, mild synophrys,
hypertelorism, bilateral epicanthus, upslanted palpebral fis-
sures, depressed nasal bridge, and 5th finger clinodactyly.
The EEG revealed mild diffuse slowing of brain activity, with
no recorded seizures. Abdominal and kidney ultrasounds

were normal. His mother had DD/ID and refractory epilepsy
since age 14, manifested as tonic-clonic seizures with right
frontal focal onset, and nocturnal predomination. She presented
with microcephaly and a similar facial gestalt. ArrayCGH
analysis revealed an heterozygous 16p13.3 deletion in both,
spanning 322.62 kb. Subsequent analysis of the 16p13.3
region in the unaffected maternal grandmother yielded normal
results. The maternal grandfather was not available for tes-
ting.

Discussion: Our family contributes to the recognition of
16p13.3 microdeletion syndrome as a distinct clinical condition.
Our cases display notably similar dysmorphism, but differ
from those in the literature, suggesting familial traits rather
than a recognizable facial gestalt. We report the latest onset
of epilepsy to date, highlighting the variable expressivity of
this feature, but nonetheless requiring polytherapy, as in pre-
viously reported patients. To our knowledge, this is the first
familial case report of this syndrome.

!Servigo de Genética Médica, Departamento de Pediatria, Hospital de Santa Maria, Centro Hospitalar Universitario Lisboa Norte, Lisboa, Portugal
2Centro de Desenvolvimento da Crianga Torrado da Silva, Servigo de Pediatria, Hospital Garcia de Orta, Lisboa, Portugal
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POSSIBILITY OF PRENATAL DIAGNOSIS IN THE OFFSPRING OF
HEALTHY ROMANI COUPLES: TWO RECESSIVE PATHOLOGIES, THREE

CASES, FOUR DIAGNOSES

Gongalo Aragao’, Fabiana Ramos®®, Pedro Almeida®, Miguel Branco®, Luis Abreu®, Carolina Ribeiro’, Filipa Melo’, Alexandra

Introdution: In Portugal, healthy Romani couples descendants
have an increased risk of autosomal recessive diseases,
even if the couple's consanguinity is no greater than that of
the general population. The most efficient test for the
etiological diagnosis of ultrasound abnormalities at present
is whole exome sequencing. The wide scope of this test has
allowed the identification of individuals with two pathologies
in a significant proportion of diagnosed cases.

Method: Description of three clinical cases with no known
family links: (1) Boy with severe developmental delay, structural
heart disease and facial dysmorphisms; deceased older
brother with identical phenotype; parental consanguinity (r =
1/8). (2) Ex-fetus submitted to TOP due to bilateral ventricu-
lomegaly, hypoplasic nose, macrocephaly and increased ab-
dominal perimeter; parents with no known consanguinity.
(3) Prenatal diagnosis of ventriculomegaly, post-axial poly-
dactyly in both feet and insufficient renal differentiation
(cortical and medullary); in the neonate described hypotonia,
unconjugated eye movements and facial dysmorphisms; pa-
rental consanguinity (r = 1/16). Whole exome sequencing
performed at Illumina Novaseq 6000, data processed with
in-house pipeline, analysis by NGS software.

Lopes’, Rita Cerqueira’, Joaquim de S&"*°, Marisa Teixeira'

Results: In all cases a pathogenic homozygous exon 23
deletion of TBCK gene was found. In the third case a likely
pathogenic homozygous loss-of-function variant was also
identified in the BBS2 gene [c.402del p.(Ala136Argfs*65)].
All parents were heterozygous. This established the diagnosis
of hypotonia infantile with psychomotor retardation and cha-
racteristic facies [MIM 616900] and Bardet-Biedl syndrome
2 [615981].

Discussion: In literature, exome sequencing is already the
first study to clarify the etiology of ultrasound or neurodeve-
lopmental anomalies and the laboratory now has to be
careful when deciding to conclude the study with a single
diagnosis. We propose with these cases to start the discussion
we will present on the application of that test in the precon-
ceptional context in healthy people, to assess the future
offspring risk for autosomal recessive or X-linked diseases,
as well as the ACMG secondary results.

! CGC Genetics, Unilabs; 2 Servigo de Genética Médica, Centro Hospitalar e Universitério de Coimbra; * Centro de Diagndstico Pré-natal, Centro Hospitalar e Universitirio de Coimbra
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UNEXPLAINED CARDIORESPIRATORY ARREST IN PEDIATRIC AGE:
POSTMORTEM DIAGNOSIS OF ARRHYTHMOGENIC CARDIOMYOPATHY

Catarina F. Silva’, Mafalda Melo?, Gabriela Pereira®, Petra Loureiro’, Sérgio Laranjo', Silvia Aguiar’, Conceigéo Trigo', Rafael

Introduction: Unexplained Cardiorespiratory arrest(uCRA)/Sud-
den Death(SD) raises concerns regarding hereditary cardiac
diseases. The European Society of Human Genetics(ESHG)
has published recommendations highlighting the importance
of conventional and molecular autopsies. Current guidelines
recommend cardiac evaluation of first-degree family members
of individuals who experienced uCRA/SD.

Clinical case: We present the case of a 9-year-old boy with
no previous history of cardiovascular disease who was
brought to the emergency room following an uCRA during
the night. His brother reported hearing a gasping sound fol-
lowed by profuse vomiting and loss of consciousness. Upon
the arrival of the emergency response team, the patient exhi-
bited a non-shockable rhythm however, following one admi-
nistration of adrenaline, the patient transitioned into ventricular
fibrillation and the team was able to restore spontaneous
circulation after two shocks. When admitted to the intensive
care unit, the child displayed isochoric and photoreactive
pupils however, his neurological status deteriorated. An MRI
revealed severe, non-reversible, hypoxic-ischaemic brain
lesions. The cardiac evaluation didn't reveal any structural
heart anomalies. Molecular analysis of a comprehensive
panel targeting genes associated with myocardiopathies
and rhythm disorders was initiated. Brain death was declared
on the ninth day after admission.

Graga®, Fatima Pinto’, Margarida Venancio? Diana Antunes®

Genetic testing identified heterozygotic variants in KCNH2
and FLNC genes. Although both mutations were classified
as variants of unknown significance, the KCNH2 variant has
been previously reported in Long QT syndrome, while the
FLNC variant was previously reported in arrhythmogenic
myocardiopathy. The autopsy found the cause of death to
be an arrhythmogenic myocardiopathy of the right ventricle
complicated by anoxic encephalopathy after cardiac arrest.
Additional testing was extended to first-degree family members
to clarify these results. Both variants were detected in the
patients’ asymptomatic 18-year-old brother. Additionally, the
mother was confirmed to be a carrier of the KCNH2 variant.
Both individuals exhibited normal QT intervals on their EKGs
and underwent cardiac MRI with no major structural abnor-
malities.

Discussion: This case highlights the complexities of uCRA/SD.
Despite the unfortunate outcome in the index case, it prompted
the establishment of a multidisciplinary team to assess and
monitor at-risk family members. Both family members, while
currently asymptomatic, were scheduled for regular cardiologic
imaging and follow-up

! Servigo de Cardiologia Pediatrica, Hospital de Santa Marta, Centro Hospitalar Universitario de Lisboa Central, Lisboa, Portugal, Centro de Referéncia de Cardiopatias Con-
génitas do CHULG, Lisboa, Portugal, Membro da European Reference Network (ERN) Guard-Heart, Centro Clinico Académico de Lisboa, Portugal

2 Unidade de Genética Médica, Hospital Dona Estefania, Centro Hospitalar Universitdrio de Lisboa Central, Lisboa,Portugal

3 Unidade de Cuidados Intensivos Pedidtricos, Hospital Dona Estefania, Centro Hospitalar Universitario de Lisboa Central,Lisboa,Portugal

4 Servigo de Cardiologia, Hospital Santa Marta, Centro Hospitalar Universitario de Lisboa Central, Lisboa, Portugal
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SUBLINEAGES OF THE Y-CHROMOSOME HAPLOGROUP E-M78 IN THE

PORTUGUESE POPULATION

Introduction: The Y-chromosome lineage ETb1b1al-M78, a
main subclade of the E1b1b1-M35 haplogroup, has a broad
geographical range, encompassing North and East Africa,
Europe, and Western Asial. In Portugal, it represents fre-
quencies of about 4%; however, their main subclades were
poorly addressed in Portuguese samples until now. In present
study, we examined a set of unrelated men from mainland
Portugal for the most known E-M78 sublineages and respective
internal microsatellite diversity.

Methodology: A total of 17 individuals, previously typed for
the M78 marker (12 from central and five from northern
regions of mainland Portugal), were analyzed for the three
main E-M78 sublineages V12, V13, and V22. Genotyping was
made by PCR-RFLP or Sanger sequencing using primers pre-
viously described. The internal variation of E-M78 samples
was evaluated by the analysis of seven Y-STRs (DYS19,
DYS389I, DYS389ll, DYS390, DYS391, DYS392, DYS393) using
primer sequences obtained at https://strbase-
archive.nist.gov/ystr_fact.htm. Multiplex PCR reactions were
carried out using the QIAGEN Multiplex PCR kit (Qiagen)
with the forward primers labelled on the 5' end and separation
of DNA fragments in an ABI PRISM 3130 Genetic Analyzer
(Applied Biosystems).

Results: Most individuals belong to the V13 subclade (n = 9)
(52.9%). Two individuals belong to the V12 subclade (11.7%)
and one to the V22 subclade (5.9%). Five individuals (29.4%)

Diana Alves, Selsabil Bouabdallah, Licinio Manco

were assigned to the paragroup M78+*. The seven analyzed
Y-STRs defined a set of 13 different haplotypes in the Portu-
guese sample set. We found no haplotypes shared by different
subclades.

Discussion: We highlighted the most common sublineages
in a set of M78-derived Y-chromosomes of Portuguese indi-
viduals. Most E-M78 chromosomes (about 53%) belong to
the E-V13 subclade, similar to results found in other European
populations1. The E-V13 subclade was suggested to have a
post-Neolithic expansion into Europe from the Near East,
where it originated, via the Balkans. The E-M78 subhaplogroups
E-V12 and E-V22, also found in the Portuguese population,
could was involved in trans-Mediterranean migrations directly
from northern Africa, probably during the Islamic period in
the territory. The Y-STR analysis encompasses a collection
of different haplotypes in the Portuguese samples, suggesting
the probability of different evolutionary histories for the E-
M78 chromosomes in the country.

Reference
1. Cruciani et al. Mol. Biol. Evol. 2007;24(6):1300-1311.

Research Centre for Anthropology and Health (CIAS), Department of Life Sciences, University of Coimbra, Coimbra, Portugal
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NON-CANONICAL SYNTHESIS OF UPF1 PROTEIN CONTRIBUTES TO
ITS ONCOGENIC ROLE IN COLORECTAL CANCER

Rafaela Lacerda’? Juliane Menezes'?, Adriana Elias’? Luisa Romao”

Colorectal cancer (CRC) is the third leading cause worldwide
and projections point towards an increase over the next two
decades. Gene expression dysregulation of several genes in-
volved in CRC contribute to disease development.

The up-frameshift 1 (UPF1) protein plays important roles in
several cellular mechanisms and acts as a tumour suppressor
in most cancers. However, in CRC, this protein has been des-
cribed as working as an oncogenic protein. In order to un-
derstand the molecular mechanisms underlying the oncogenic
role of UPF1 in CRC, we have analysed mRNA and protein
levels in different types of cancer. In silico analyses have
shown that UPF1 is overexpressed in CRC and lung cancer
compared to the other analysed cancers. Also, UPF1 expression
is significantly greater in CRC than in normal tissues. Experi-
mentally, we observed that UPF1 expression is maintained
under stress conditions that compromise global protein synt-
hesis. In this regard, we tested whether UPF1 translation ini-
tiation can be mediated through an alternative cap-independent
mechanism. We showed that the 5’ untranslated region (UTR)

2

of UPF1 transcript allows cap-independent translation initiation
and mapped the minimal sequence required for this mechanism
to work. This region also mediates translation initiation in
transcripts lacking a cap structure and under stress conditions
like endoplasmic reticulum stress, hypoxia and mTOR pathway
inhibition. Then, we designed antisense RNA oligonucleotides
(ASOs) that target the minimal region and observed a reduced
expression of UPF1 in CRC cells treated with those ASOs
compared to cells treated with control ASOs.

All in all, these results show that alternative translation
initiation mediated through UPF1 5'UTR allows UPF1 ex-
pression levels to be maintained under conditions observed
in the tumour microenvironment, which globally repress
protein synthesis. Thus, ASOs targeting the minimal region
responsible for allowing UPF1 expression can be the beginning
of a new RNA-based therapy to prevent CRC development.

! Departmento de Genética Humana, Instituto Nacional de Saude Doutor Ricardo Jorge, Av. Padre Cruz, s/n, 1649-016 Lisboa, Portugal
2 BioISI — Biosystems and Integrative Sciences Institute, Universidade de Lisboa, 1749-016 Lisboa, Portugal
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DILATED CARDIOMYOPATHY WITH A DOUBLE GENETIC DIAGNOSIS IN
ARRHYTHMOGENIC-RELATED GENES

André Ferreira ', Miguel Antunes '; Mafalda Melo 2 Manuel Nogueira da Silva®, Silvia Aquiar Rosa ', Pedro Silva Cunha’,
Guilherme Portugal ', Pedro Bras ', José Viegas ', Isabel Cardoso ', Yuri Chiodo * Mario Oliveira ', Margarida Venancio ?,

We report a complex case of a family with a clinical diagnosis
of dilated cardiomyopathy that after genetic testing was
found to have two pathogenic variants in arrhythmogenic-re-
lated genes after genetic testing.

The index patient was referred to the CardioGenetic's Clinic
following a diagnosis of dilated cardiomyopathy detected in
a screening echocardiogram for a family history of heart di-
sease. This patient had an uncle with heart transplantation
for dilated cardiomyopathy and two other family members
with sudden death, an uncle died at 37 yrs old and his son
died at 13 yrs old. It was decided to perform genetic testing
on the patient with the most severe phenotype, the family
member who was submitted to a heart transplant. Previous
to the heart transplant, the patient had severe biventricular
systolic dysfunction.

A large panel, including genes for cardiomyopathy and arr-
hythmia, was performed through next-generation sequencing,
which revealed a complex genotype: a pathogenic truncating
variant in the FLNC gene c.6976C>T, p. (Arg2326)*
[NM_001458.4] (ACMG/ACGS 2019:PVS1, PS4_sup, PM2,
PP1_str) and also a missense variant at the LMNA gene
c.1071C>A, p. (Asp357Glu) [NM _170707.4], not previously
reported neither in the literature or populational data; in
spite in silico analysis predicted not to be pathogenic, it was
in the same residue where other pathogenic variants were

! Centro Hospitalar Universitrio de Lisboa Central, EPE / Hospital de Santa Marta;
2 Centro Hospitalar Universitario de Lisboa Central, EPE / Hospital de D. Estefania;
* Hospital Cuf Descobertas;

4 GenoMed - Diagnosticos de Medicina Molecular SA

Diana Antunes "**

reported (ACMG/ACGS 2019:PM1, PM2, PP1_sup, PP2, PM5,
BP4). This patient was also found to have two variants of
unknown clinical significance, in the DSP gene [NM _004415.3]
c.1696G>A, p.(Ala566Thr) and ANK2 gene [NM_001148.4]
€.9215A>G p.(Asp3072Gly), possibly benign. Family segregation
studies validated the pathogenicity of the LMNA variant,
found to be present in two other family members with positive
phenotype. Cascade screening revealed additional family
member carriers of the truncating FLNC variant in heterozy-
gosity, and carriers of the LMNA variant in heterozygosity.
None of other family members were found, yet, to inherited
the two pathogenic variants. Two other relatives were already
proposed for an implantable cardioverter defibrillator. Sudden
cardiac death risk stratification is being performed in all
family members available.

This report illustrates the importance of a multidisciplinary
team, the absolute benefit of genetic testing in clarifying
clinical diagnosis and the importance of awareness for the
possibility of unexpected results with utter importance for
following up of patients, including primary prevention of
sudden death.
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COMMON MECHANISTIC PATHWAYS IN RARE CONGENITAL
SYNDROMES WITH PRIMARY MICROCEPHALY

Xavier Jorge', Inés Milagre?, Anita Ferreira’, Sofia Calado’, Raquel Oliveira®“, Sara Carvalhal'*

Primary microcephaly is an often-seen phenotype in several
rare congenital syndromes. It is characterised by a smaller
brain size at birth compared to the norm. The causes of this
malformation are not fully understood, but genetic testing
suggests a connection with defective genes involved in
mitotic regulation and proteins related to DNA repair and re-
plication pathways.

Cohesinopathies represent a group of rare syndromes, where
several subtypes exhibit spontaneous railroad chromosomes
and primary microcephaly. This includes Roberts Syndrome,
Warsaw Breakage Syndrome and a recently characterised
syndrome caused by mutations in the BUB1 gene. Currently,
we are examining fibroblast cells from patients with these
syndromes to identify common mechanistic pathways.

! Algarve Biomedical Center - Research Institute, Univeristy of Algarve, Portugal

In this context, we have identified a new promising candidate:
Topoisomerase Il alpha, a protein responsible for resolving
of the DNA catenation both in the DNA replication and
mitosis. Defective localisation of Topoisomerase Il alpha
may contribute to the observed mitotic defects in these
cells. We are currently exploring the impact of these defects
on brain development using reprogramming techniques to
assess proper neuronal differentiation.

2 Catolica Biomedical Research Centre, Cat6lica Medical School, Universidade Catélica Portuguesa, Portugal

3 Faculty of Medicine and Biomedical Sciences, Univeristy of Algarve, Portugal
4 Instituto Gulbenkian de Ciéncia, Portugal

52



£

!
|
1
# i
k
b
£

T s

e

TRANSLATIONAL CONTROL OF A160P53 KEEPS THE DARK

SIDE OF TP53 IN CHECK

Ana Catarina Ramalho’? Rafaela Lacerda’, Luisa Romao' & Marco M. Candeias”

The TP53 tumour suppressor gene was discovered over 40
years ago, but to this day some aspects of its regulation and
function remain a mystery. It encodes the full-length p53
protein (FLp53), a transcription factor with a key role in
stress response in multicellular organisms, that can either
direct cells towards apoptosis or recovery of homeostasis.
With such a decisive role, its expression and activity are
tightly regulated. A vast set of RNA-binding proteins (RBPs)
have been described to affect the translation of FLp53 or the
stability of p53 mRNA in response to different perturbations.
But in addition to FLp53, there is a group of shorter protein
isoforms lacking the N-terminal region, which have well-des-
cribed functions, and are translated from the same mRNA.
The shorter and less studied isoform is A160p53, which pro-
motes cell survival, proliferation, and invasion. Despite its
usual low levels, it is commonly overexpressed in tumours.
However, the detailed mechanisms and factors involved in
the regulation of A160p53 are still unknown.

In this work, a mass spectrometry was performed to identify
the proteins in an RNA-protein co-immunoprecipitation of
the p53 mRNA using the MS2 system in the p53-null cell line

2

H1299. The validation of the hits was undertaken by western
blot with specific antibodies after immunoprecipitation. The
effect of the binding proteins on the translation of A160p53
was assessed by overexpression or knockdown, and the ex-
pression levels were verified by western blot or luminescence
assays.

The mass spectrometry allowed the identification of potential
new binding partners of the p53 mRNA. Resorting to the lite-
rature and to computational tools available online to predict
protein-RNA interactions, a few hits were selected for follow-
up and their interactions confirmed. Simultaneously, the mo-
dulation of A160p53 expression by some of these proteins
was verified.

Considering the importance of TP53 in deciding the fate of
the cell, the observation of abnormal levels of the oncoprotein
A160p53 in cancer is intriguing. Understanding the control
of its translation could uncover strategies to block it and
pave way for new cancer therapies.

! Department of Human Genetics, National Institute of Health Doutor Ricardo Jorge, Lisbon, Portugal.
2 MaRCU - Molecular and RNA Cancer Unit, Graduate School of Medicine, Kyoto University, Kyoto, Japan.
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THE Y-CHROMOSOMAL HAPLOTYPE DIVERSITY OF R1B-M269
SUBHAPLOGROUPS IN INDIVIDUALS FROM THE CENTRAL
REGION OF PORTUGAL

Introduction: The most frequent Y-chromosomal haplogroup
in the Iberian Peninsula is R1b-M269, representing frequencies
of about 60% in Portugal. The R1b-M269 splits into geograp-
hically localized subhaplogroups, showing the S116-DF27
branch as the most common in the Iberian Peninsula (40-
48%) [1]. We have previously shown that the subhaplogroup
DF27 was the most common (70%) among R1b-M269 indivi-
duals from Central Portugal [2]. This study aimed to analyze
the distribution of the Y-chromosomal haplotypes within the
main branches of the R1b-M269 haplogroup in individuals
from the central region of Portugal.

Methodology: The study sample comprised 54 individuals
carrying the derived allele at the M269 SNP from districts of
Aveiro, Coimbra, Guarda and Viseu. The internal variation of
R1b-M269 samples was assessed by analyzing seven Y-
STRs (DYS19, DYS389I, DYS389Il, DYS390, DYS391, DYS392,
DYS393). Multiplex PCR reactions were performed using the
QIAGEN Multiplex PCR kit. The forward primers were labeled
with Cy5 on the 5" end. The PCR fragments were analysed on
an automate ALFexpressTM Il sequencer (Amersham Bios-
ciences). The frequencies of the Y-STR haplotypes were de-
termined by direct counting. Population pairwise genetic
distances (RSTs) and p-values were calculated using the
software Arlequin v3.5.

Fabio Nunes', Licinio Manco'

Results and Discussion: The gene diversity of the seven
markers ranged from 0.143 (DYS393) to 0.558 (DYS389Il) for
the sample set. The overall haplotype diversity was 0.343, si-
milar to other Iberian populations (mean 0.368 for five Iberian
populations [3]). The total number of observed haplotypes
was 31, the most frequent (0.148) was compatible with the
“Atlantic Modal Haplotype” (AMH) (DYS19-14 / DYS390-24 /
DYS391-11 / DYS392-13 / DYS393-13). The network cons-
tructed with the 31 different haplotypes produced a star-like
structure with a center occupied by the most common AMH-
compatible haplotype (14-13-29-24-11-13-13), shared by eight
samples and four different R1b-M269 suclades. The network
showed only one missing link, which could indicate evolutionary
histories of the R1b-M269 paternal lineages inside the region.
The genetic distances between six Iberian populations showed
no significant differences, except between Portugal and the
Native Basques (RST=0.007; P=0.054).

References

1. Valverde et al. (2016) Eur J Hum Genet 24:437-441.

2. Nunes & Manco (2022) Medicine (Proceeding Abstracts)
102:13

3. Villaescusa et al. (2017) Forensic Sci Int Genet 27:142—
148

! Research Centre for Anthropology and Health (CIAS), Department of Life Sciences, University of Coimbra, Coimbra, Portugal
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A 3D CELL CULTURE MODEL OF THE TUBERCULOSIS GRANULOMA
THAT CAN BE APPLIED FOR HOST GENETIC STUDIES IN THE CONTEXT
OF A MULTICELLULAR IMMUNOLOGIC RESPONSE TO INFECTION

Introduction: The granuloma is an inflammatory infiltrate of
mononuclear cells. Some bacterial infections are characterized
by the formation of granulomas as part of the immune
response to contain the infection. Granuloma models have
contributed valuable insights into the genetic basis of gra-
nuloma formation during infection. For example, IFNGR1
and IFNGR2 variants have been found to disrupt the immune
response, resulting in impaired granuloma formation and in-
creased susceptibility to diseases by Mycobacterium sp.
More easily implemented comprehensive models would fa-
cilitate the study of the different immune mechanisms and
help identify new disease-associated genes. Our objective is
to generate an in vitro 3D cell culture model using human
primary cells and microspheres to generate a stratified gra-
nuloma model for future use in genetic, immunological and
drug discovery studies.

Methods: A commercial system was used to encapsulate
human peripheral blood mononuclear cells (PBMC) infected
with GFP-expressing M. tuberculosis and maintained in
culture for several weeks. The cellular constituents of these
granulomas and their organization were characterized by
fluorescence microscopy and flow cytometry as well as the
viability of the cells and the extent of bacterial replication in
factor of time.

Susana David"? Manoj MandaF, Elsa Anes? David Pires®

Results: The results demonstrate a ready recruitment of
cells towards infected macrophages, leading to the formation
of densely populated aggregates. These aggregates maintained
cell viability for several weeks and displayed an enhanced
control of bacterial replication compared to the more common
monolayer infection models. Moreover, the capsules can be
easily disrupted when required to isolate genetic material for
further analysis.

Conclusion: The proposed 3D model resembles some structural
and cellular characteristics of the tuberculosis granuloma
and maintains its stability beyond more common 2D models
of infection. These preliminary results demonstrate that this
model can be used to further explore the determinants of
granuloma formation and host response to infection.

Acknowledgements: This study was supported by FCT —
Fundagao para a Ciéncia e a Tecnologia, I.P, under grants
EXPL/SAU-INF/0742/2021 to D.P, UIDB/04138/2020 to
iMed.ULisboa, UIDB/04279/2020 to the Center for Interdisci-
plinary Research in Health and CEECINST/00070/2021 to
Universidade Catdélica Portuguesa. M.M. is supported by the
fellowship 2021.07978.BD.
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PRIME EDITING TESTING TO CORRECT A FABRY DISEASE NONSENSE
MUTATION

Ana J. Duarte "*** Luciana Moreira '** José Braganca °, Olga Amaral '**

Introduction: In 2019, David Liu's laboratory developed Prime
Editing (PE), a new CRISPR-Cas9 derived method where Cas9
is substituted by a nCas9 (nickase) producing a nick on the
edited locus which diminishes the off-target edits (1). The
prime editor is composed by nCas9 fused to a reverse trans-
criptase (RT), and also a prime-editing guide RNA (pegRNA)
who gives the complementary to the target sequence and
has the template of the new sequence that will be synthetized
by the RT. In this work we want to correct, through PE, the
nonsense mutation p.W287X (c.860G>A), present in the alp-
ha-galactosidase gene (GLA), found in a Fabry Disease pa-
tient.

Methodology: Two approaches are under testing:

1. Using the Prime Editing All-in-One plasmid (PEA1-GFR,
Addgene #171993) (2), this plasmid enables an assembly
of all the components used in PE: the pegRNA plus a se-
cond-nick gRNA. The PEAT-GFP construct was lipodeli-
vered to patient-derived iPSCs produced in our lab (IN-
SAI002-A).

2. We envisage the use of a synthetic engineered pegRNA
(epegRNA) (3) and a single guide RNA (sgRNA) along
with an in vitro transcribed PE mRNA (wich contains the
nCas9 and the RT). The PE mRNA is derived from the
plasmid pCMV-PE2 (Addgene #132775).

Results: Preliminary results with PEAT-GFP method, showed
low efficiency of plasmid delivery and apparent lack of cor-
rection. Further changes are under study. As a second

approach, the use of synthetic RNAs is more promising (alt-
hough we have not yet begun the experiments).

Discussion: Currently we are optimizing conditions for PEAT-
GFP in order to improve the results. However, it is described
that our second approach with synthetic RNAs can provide
better editing results than plasmid use (4). For that reason,
we hope to attain better results using this later method and
achieve the correction of the mutation in the patient derived
cells. Gene editing, resulting from a worldwide joint effort
provides a promising method for tailored therapeutics in
genetic diseases.

References DOI:
1-10.1038/s41586-019-1711-4;
2 —10.1093/nar/gkab792;

3 -10.1038/s41587-021-01039-7;
4-10.1038/s41596-022-00724-4
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THE ROLE OF CYTOCHROME P450 (CYP)-ENZYME COMPLEX PROTEIN
FACTORS AND OTHER OXIDOREDUCTASES IN THE MECHANISMS OF
ACQUIRED BREAST CANCER DRUG RESISTANCE TO DOXORUBICIN

Daniel Crispim’, José Rueff', Michel Kranendonk’, Francisco Esteves'

Introduction: Drug resistance (DR) is a major challenge in
cancer therapy, estimated to contribute in 90% to cancer-
related fatalities. Doxorubicin (DOX), one of the most widely
used chemotherapeutics in breast cancer (BC) treatment, is
metabolized by cytochrome P450 (CYP) enzymes and oxido-
reductases. This study addresses the underexplored topic of
drug metabolism'’s role in DR development, at subtherapeutic
levels of DOX.

Methodology: BC MCF-7 cells were used to develop 3D
spheroid models. Expression levels of 92 phase | drug meta-
bolizing enzymes (DMEs) were assessed by RT-qPCR of
MCF-7 DOX-sensitive (DOXS) or DOX-resistant (DOXR 25, 35,
or 45 nM) cells. Their microsomal fractions were used to
measure the activities of specific CYP isoforms.

Results: A signature of 24 statistically differentially expressed
genes and enhanced CYP3A dependent metabolism (diben-
zylfluorescein O-debenzylation) were identified in DOXR cells,
compared with DOXS cells.

Discussion: Most of the differentially expressed genes in
DOXR cells had previously been correlated with chemoresis-
tance and/or tumour progression in BC patients. The overex-
pression of CYP4B1, CYP26B1, FDXR, FMO5, and PAH, as
well as the augmented CYP3A dependent metabolism, had

already been observed in a previous report from our laboratory,
using monolayer cultures of DOXR MCF-7 cells (Barata et al.,
2022, PMID: 36360213). These outcomes highlight the
potential use of encountered expression and activity profiles
as predictive markers for DOX resistance development. When
comparing results obtained from using monolayer and
spheroid culture approaches, several specific differences
were noticeable, demonstrating the critical importance of
spatial organization on enzyme expression and activity in
DOX resistance. In summary, our data reveals an intricate
link between the expression and activity of DMEs and the
development of acquired resistance to DOX in MCF-7 cells.
Additionally, our results underscore the dynamic nature of
DR development, transiently dependent on multiple pathways
such as drug-, arachidonic acid-, retinoic acid-, and vitamin
D-metabolisms.

Partly funded by the Research Center grant ToxOmics
(UIDB/00009/2020).

! Center for Toxicogenomics & Human Health (ToxOmics), NOVA Medical School/Faculty of Medical Sciences, Universidade NOVA de Lisboa, Lisboa, Portugal.
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EXTRACELLULAR VESICLES IN BREAST CANCER-HEPATIC
COMMUNICATION: THEIR ROLE IN DOXORUBICIN RESISTANCE

Carolina Ramos’, José Rueff', Michel Kranendonk’, Francisco Esteves’

Introduction: Breast cancer (BC) is a leading cause of cancer
related death among women. Although progress has been
made in BC treatment, chemotherapy resistance occurs fre-
quently, hallmarked by altered drug metabolism. Extracellular
vesicles (EVs) are involved in many biological processes,
through cell-to-cell communication. We studied the effect of
BC-derived EVs on Phase | drug metabolizing enzymes ex-
pression in hepatic cells, the major site of drug metabolism,
and their role in drug resistance (DR). We used doxorubicin
(DOX), widely used in BC treatment, as a model drug.

Methodology: Spheroids of the hepatic model HepG2, and of
the BC cell model MCF7 (either parental or resistant to DOX
45 nM), were established. EVs, isolated from the two types
of MCF7 spheroids were incubated for 24 hrs with HepG2
spheroids. Expression of 92 genes of HepG2 cells, incubated
with DOX alone, or DOX in combination with the two types of
MCF7-derived EVs, was assessed by RT-qPCR.

Results: EV-titers from MCF7 resistant spheroids (EVR) were
significantly higher, when compared with those of DOX-
sensitive spheroids (EVS). Expression of several genes were

exclusively upregulated in the presence of either type of EVs
(e.g., CYP1B1, 2B6, 2E1 and 3A4). When comparing EVS- and
EVR-exposures, some HepG2 genes were differentially ex-
pressed: e.g., PAM, CYP19A1 (EVs specific) and SQLE, CYP2J2,
CYP1A1 (EVR specific). Interestingly, up-regulation of SQLE
expression (involved in cholesterol metabolism) was exclusive
for EVR.

Discussion: Higher production of EVR, when compared with
those of EVS, seem to be indicative for their signalling role in
chemoresistance. Overexpression of HepG2 genes, induced
by both types of EVs, are involved in xenobiotic biotransfor-
mation, suggesting that BC cells have common capabilities
of drug metabolism, independent of their DR status. Additio-
nally, genes found to be differentially expressed when com-
paring both types of EVs, are related to xenobiotic (some
specific for DOX), fatty acid or cholesterol metabolism, pre-
viously implicated in tumour progression and/or chemore-
sistance. In summary, our data pinpoint to modulation of DR
mediated by EVs in BC-liver axis.

! Center for Toxicogenomics & Human Health (ToxOmics), NOVA Medical School/Faculty of Medical Sciences, Universidade NOVA de Lisboa, Lisboa, Portugal.
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EVOLUTIONARY HISTORY AND GENE EXPRESSION
OF ATAXIN-3 PARALOGS

Daniela Felicio?®, Maria Inés Martins? Andreia Pinto? Inés P. D. Costa’? Anténio Amorim™**,

Introduction: Ataxin-3 gene (ATXN3; 14¢g32.1) encodes a ubi-
quitously expressed deubiquitinating enzyme, with homologues
among metazoans, plants and protozoans. In humans, ATXN3
may present a (CAG)n expansion, responsible for Machado-
Joseph disease (MJD/SCA3). A highly conserved gene copy,
ataxin-3 like (ATXN3L; Xp22.2) encodes a protein shown to
cleave ubiquitin substrates in vitro more efficiently than
ATXN31. Interestingly, a study on another ataxin gene, ATXNT,
demonstrated that its copy, ATXN1L, alleviated the neuro-
pathology in mice2. Thus, it is of upmost importance to un-
derstand whether ATXN3 copies can have a functional role
in disease pathogenesis.

Methodology: To identify ATXN3 copies, we retrieved highly
homologous sequences in 33 primates. We explored ATXN3
paralogs through the analysis of interspecific sequence di-
versity, evolution rates and selective constraints in the re-
constructed phylogenies. For ATXN3L, which displays a con-
served reading frame, we analysed protein domain conservation
and mRNA expression by performing gqPCR in 16 human
normal tissues.

Results: Our results suggested three independent retrotrans-
position events: 1) in Haplorrhini (~63 MYA) for ATXN3L; 2)
before the Platyrrhini-Catarrhini split (~43 MYA) for ATXN3L2
(LOC100132280; 8g23.2 in humans); and 3) in Cercopithecidae

!Instituto de Investigagdo e Inovagao em Satde (i3S), Porto, Portugal

Alexandra M. Lopes'? Susana Seixas'? Sandra Martins™?

(25-30 MYA) for ATXN3L3 (LOC699321; chr11 in Rhesus
monkey). ATXN3L seems to be under selective constraints
throughout primate evolution as the parental ATXN3, whereas
ATXN3L2 gained premature stop codons that likely turned it
into an inactive copy. ATXN3L3 appears as a younger retrocopy
with predicted alternative reading frames. Finally, we confirmed
that ATXN3L is expressed in human placenta, testis and
brain (cortex and substantia nigra).

Discussion: Phylogenetic analyses support the functional
relevance of ATXN3L; however, further studies will be important
to assess if ATXN3L expression in brain is conserved in non-
human primates and detect the presence of endogenous
protein ex vivo.

References: TWeeks et al 2011 J Biol Chem 286:4555; 2Bow-
man et al 2007 Nat Genet 39:373.
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MINDDS-WINGS FEDERATED PLATFORM IMPLEMENTATION:
A SAFER APPROCH TO DATA ACCESS

Pedro Carneiro™**", Benjamin Huremagic®’, Nishkala Sattanathan®, Joris Robert Vermeesch’, Geert Vandeweyer®®,
Paula Jorge'?, Cristina Candeias'*?, Adrian J. Harwood’, Yves Moreau®, Amin Ardeshirdavani®’,

Introduction: Research using biomedical data generated in
hospitals/biomedical health institutions has contributed to
considerably increase in knowledge concerning neurodeve-
lopmental disorders (NDDs) and their association with rare
genetic variants. However, more could be achieved by pooling
data from multisite studies together to create meta-cohorts.
A major barrier is the sensitive/private nature of clinical/ge-
nomic data, due to strict legislation access, e.g. GDPR,
making it hard to share information. A way forward is to im-
plement systems that make specific features derived from
personal, clinical, genomic and phenotypic data visible without
transferring complete data sets, thus avoiding compromising
individual's data security/privacy. MINDDS-WINGS is a fede-
rated online data platform that overcomes these constraints
- instead of physically moving data for analysis among insti-
tutions, analysis is carried out in situ through a federated
network with world-wide accessibility (https://doi.org/
10.1101/2022.06.23.497325).

Methodology: MINDDS-WiNGS federated platform (FP) has
two main components: MINDDS-connect, a means to make
selected data elements findable via online search site for as-
sembling virtual meta-cohorts; from which controlled access

Haleh Chizari® Natalia Oliva-Teles"?%'

can be granted to WiNGS for genomic analysis/research of
genetic variants. AIM: Installation in Centro Hospitalar Uni-
versitario de Santo Antonio (CHUdSA) is ongoing, joining
WINGS network. Results/Discussion: Variants have been ac-
cessed via WiNGS as Standard Variant Calling Files (VCFs)
and stored in Cardiff University. Access to the platform is
monitored internally, by an administrator and one or more
principal investigators (Pl). Registered users are assigned to
a Pl with access to the information associated with it. In
clinical institutions data can be stored either on local servers
or be cloud-based, with access to data limited to a user's PI;
but requests can be made to access another Pl-restricted in-
formation. The compilation of patient’s clinical, genomic and
phenotypic information is achieved by filling in meta-data
fields. The MINDDS-WINGS FP allows data visualization and
analysis without the need to have a centralised database,
promoting multidisciplinary research across multiple and in-
ternational borders. Acknowledgments: 1G16210 MINDDS-
connect, https://www.cost.eu/actions/IG16210/; UMIB/IC-
BAS/UR supported by National Funds through FCT, frameworks
UIDP/00215/2020 and UIDB/00215/2020. The authors declare
no conflict of interest.
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ACTIVITY INDUCED GENES EXPRESSION IS IMPAIRED IN
POLYGLUTAMINE SPINOCEREBELLAR ATAXIAS

Inés T. Afonso'*** David V. C. Brito?, Hilmar Bading’, Clévio Nébrega'?

Introduction: Polyglutamine Spinocerebellar ataxias (SCAs)
are a group of 6 incurable genetic disorders, caused by an
expansion of the trinucleotide cytosine-adenine-guanine in
their causative genes, which produces a protein with an ex-
panded glutamine region. This project focuses on the study
of Spinocerebellar ataxia type 2 (SCA2) and type 3 (SCA3)
(1), which are rare dominantly inherited disorders that primarily
impair the cerebellum therefore leading to motor ataxia.

Activity-induced inhibitor of death (AID), are a group of pro-
survival 9 genes which were found to be neuroprotector in
several neurological disorders, including stroke, glaucoma,
AD, HD, and ALS (2).

In this project we aim to investigate about the relevance of
the expression of AID genes for cerebellum function and
whether their expression levels are impaired in SCA2 and
SCA3.

Methodology: Wildtype (WT), SCA2 and SCA3 transgenic ani-
mals were divided into 2 groups: unstimulated and motor
stimulated group. The cerebellum was collected to analyze
transcription and translation levels of the AID, and the whole
brain was collected do detect the cell type expressing the
proteins.

Results: We found that the phosphorylation of the main
transcription required for AID gene expression was decreased
in transgenic animals in comparison with age-matched WT
animals. Accordingly, transcriptional analysis of AID genes
showed that AID1 and AID2 that had their expression 6.3
and 3.3-fold increased, respectively, and 4.4 and 3.1-fold in-

creased, respectively. However, this induction was impaired
both in SCA2 and SCA3 mouse models. Moreover, immunos-
taining showed which neuron type were expressing AID
genes.

Discussion: AID1 and AID2 are differentially expressed upon
stimulation in WT mice, whereas there is decreased in both
SCA2 and SCA3 disease models. As well as the translation
and transcription factors that regulate the transcription of
these genes in impaired in models of both disorders. Finally
we found that these genes are expressed in a cell-type
specific manner.

References:

(1) Bezprozvanny |, Klockgether T. Therapeutic prospects for
spinocerebellar ataxia type 2 and 3. Drugs Future. 2009;34(12).
doi:10.1358/dof.2009.034.12.1443434

(2) Zhang SJ, Zou M, Lu L, et al. Nuclear calcium signaling
controls expression of a large gene pool: identification of a
gene program for acquired neuroprotection induced by
synaptic activity. PLoS Genet. 2009;5(8):e1000604.
doi:10.1371/journal.pgen.1000604
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NOVEL MECHANISMS CAUSING FAMILIAL HYPERCHOLESTEROLAEMIA:
FUNCTIONAL CHARACTERIZATION OF VARIANTS IN
THE REGULATORY REGIONS OF PCSK9 GENE

Ana M. Mateus’, Ana C. Alves’? Rafaela Lacerda®’, Rafael Fernandes?’, Gilles Lambert® Luisa Rom&ao*® Mafalda Bourbon™

Familial hypercholesterolemia (FH) is a worldwide highly
prevalent genetic lipid disorder, characterized by increased
LDL cholesterol levels in circulation, leading to premature at-
herosclerosis and cardiovascular events.

Among the other main causative genes of FH, PCSK9 is a
major modulating gene in cholesterol homeostasis, and
PCSK9 gain of function variants cause FH.

When intracellular levels of sterols decrease, PCSK9 is posi-
tively regulated by Sterol Regulatory Element-Binding Proteins
2 (SREBP2) and Hepatic Nuclear Factor 1a (HFNT1a), while
LDLR transcription is only regulated by SREBP2. Statins
induce the expression of both SREBP2 and HFN1q, which
activate PCSK9 transcription, and LDLR transcription cannot
compensate for this effect, diminishing the beneficial effects
in some patients. The current challenge is to understand the
physiological regulation of PCSK9 expression at the trans-
criptional and post-transcriptional levels.

Based on the lack of understanding of mechanisms behind
the regulation of PCSK9 expression, 3 variants in the PCSK9
promoter region, close to the SRE motif, and 14 in the 5" un-
translated region (5'UTR), were studied. To this purpose, the
promoter and 5'UTR regions of PCSK9 (-650 to -1) were
cloned into pGL4.10[luc2] plasmid containing the Firefly lu-
ciferase (Fluc) reporter gene. After directed mutagenesis to
obtain the variants in the study, they were transfected in
HepG2 and Huh7 cell lines, and luciferase activity was deter-
mined by the Dual-Luciferase Reporter Assay System in a
GloMax Luminometer. To simulate cholesterol starvation, 24
h hours after transfection, cells were treated with a medium

2

supplemented with 0.1% FBS, and, after 18-24h, cells were
treated with mevastatin to activate transcription.

In HepG2 and Huh7, ¢.-346G>C showed a decrease in promoter
activity to 26% and 30% of the wild type, respectively, while
¢.-353G>T showed an increase to 148% and 178% of the wild
type. These results indicate that c.-353G>T can possibly
lead to an FH phenotype, while c.-346G>C can result in cases
of hypocholesterolemia. The remaining constructs are currently
undergoing research.

Expanding our understanding of how these variants affect
PCSK9 synthesis through the activation of transcription
factors could lead to an opportunity for personalized therapy
in patients carrying these variants along with other pathogenic
variants in causative genes.

References: 1. Mariano, C. et al. The familial hypercholeste-
rolaemia phenotype: Monogenic familial hypercholesterolae-
mia, polygenic hypercholesterolaemia and other causes. Clin
Genet 97, 457-466 (2020).2. Graga, R. et al. Characterization
of Two Variants at Met 1 of the Human LDLR Gene Encoding
the Same Amino Acid but Causing Different Functional Phe-
notypes. Biomedicines 9, 1219 (2021). 3. Seidah, N. G. &
Prat, A. The Multifaceted Biology of PCSK9. Endocrine
Reviews 43, 558-582 (2022). 4. Dong, B., Singh, A. B., Shende,
V. R. & Liu, J. Hepatic HNF1 transcription factors control the
induction of PCSK9 mediated by rosuvastatin in normolipidemic
hamsters. International Journal of Molecular Medicine 39,
749-756 (2017).
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EFFECTS OF METHANOLIC AND AQUEOUS EXTRACTS OF CARICA
PAPAYA LEAF ON MIRNA-MEDIATED TRANSCRIPTIONAL REGULATION
OF FETAL HEMOGLOBIN

Filipa Jacques, Mariana Delgadinho, Catarina Ginete, Mdrio Gomes, Edna Ribeiro, Miguel Brito, Anita Q. Gomes

Introduction: Hemoglobinopathies are genetic blood disorders
resulting characterized by abnormal hemoglobin that disrupts
oxygen transport and leads to diverse health complications.
Raising fetal hemoglobin (HbF) levels is one possible thera-
peutic approach. But the current main therapy based on the
use of hydroxyurea (HU), faces limitations related to cost
and safety, especially in underserved areas. To overcome
these constraints, researchers are investigating natural al-
ternatives like Carica papaya (CP) leaf extracts to boost HbF
production with fewer side effects.

Methodology: We conducted a comparative study using
aqueous (AECP) and methanolic (MECP) CP leaf extracts to
evaluate their impact on HbF regulation in K562 myeloid
cells. Gene expression changes were assessed using RT-
gPCR after 24-hour exposure to varying extract concentrations
(0,05 ug/ml, 0,5pg/ml and 5pg/ml).

Results: The transcriptional analysis of hemoglobin genes
(HBA, HBB and HBG1) as well as that of its epigenetic regu-
lators (HDAC1, HDAC2, HDAC3, DNMT1 and DNMT3b), trans-
cription inhibitors (BCL11A and KLF1), transcription activators
(MYC and HIC2) and miRNA-mediated regulators (miR-30a-

3p, miR-29C-3p and miR-148b-3p) has revealed distinct ex-
pression patterns in K562 cells exposed to AECP when com-
pared to MECP. While the expression levels of some genes
were affected by one extract, other genes were affected by
the other extract and some remained unaffected suggesting
that the concentration and specific composition of AECP or
MECP has a different impact on hemoglobin expression.

Discussion: The differential effects of MECP and AECP expo-
sure on hemoglobin related genes expressed in K562 cells
indicates that complex regulatory mechanisms underly their
action. The concentration-dependent responses observed
emphasize the need for further research to comprehend their
implications in hemoglobinopathies. Overall, this study high-
lights the potential of extracts of CP leaf as modulators of
HbF gene expression in K562 cells. Further investigation
into their gene modulation mechanisms is warranted.

Acknowledgements: This project was supported by the grant
IDI&CA-IPL/2022/miRCa/ESTeSL

H&TRC - Health & Technology Research Center, Escola Superior de Tecnologia da Satide de Lisboa, Instituto Politécnico de Lisboa, Portugal
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FUNCTIONAL CHARACTERIZATION OF TWO APOB VARIANTS FROM
EXON 29 FOUND IN INDIVIDUALS WITH CLINICAL DIAGNOSIS
OF FAMILIAL HYPERCHOLESTEROLEMIA

Maria S. Ferreira'; Ana C. Alves'?; Asier Larrea-Sebal’**; César Martin®*: and Mafalda Bourbon'?

Introduction: Familial hypercholesterolemia (FH) is an inherited
lipid disorder characterized by increased levels of LDL cho-
lesterol. About 5-10% of FH cases occur due to variants in
the APOB gene, but these alterations can be a more common
cause of FH than expected since most of APOB variants
identified is still unknown their effect on the metabolism.
The majority of the variants are missense but there are a few
nonsense variants and small indels in exon 29 identified in
individuals with hypercholesterolemia phenotype that can
cause FH.

The aim of this project was to functional characterize APOB
variants from exon 29 identified in individuals referred to the
Portuguese FH Study to assess if these are the genetic
cause of disease.

Methodologies: LDL from index cases and relatives was iso-
lated through sequential ultracentrifugation. ED-LDLR was
purified from HEK293 cells transfected with the pcDNA3.1-
EC-LDLR-His plasmid by affinity chromatography. Purified
ED-LDLR fragments were coated onto 96-well plates and in-
cubated with the different APOB variants. Antibodies were

used for ligand detection, and absorbance was determined
at 405 nm. CHO-IdIA7 cells were transfected with wt LDLR
plasmid and incubated with FITC-labeled LDL to determine
LDL binding and uptake by flow cytometry.

Results: p.(GIn4316*) and p.(Glu4387Asnfs*7) alterations
from exon 29 showed reduced affinity for the LDL receptor.
Uptake and binding assays results were similar, so these va-
riants may affect the binding of apoB to the LDL receptor.
The alterations studied were not present in a normolipidemic
panel.

Discussion: APOB variants studied in this work produce trun-
cated forms of apoB, but they are unlikely to lead to nonsen-
se-mediated decay processes due to their location near the
end of the gene. Functional studies can provide important
evidence for variant pathogenicity assessment being these
essential to provide an accurate diagnosis. These assays
can confirm the clinical diagnosis by highlighting the cause
of disease, and contribute to a personalized treatment and
stratify patient associated cardiovascular risk.

!Grupo de Investigagdo Cardiovascular, Unidade I&D, Departamento de Promogio da Satide e Doengas Nao Transmissiveis, Instituto Nacional de Satide Doutor Ricardo Jorge, Lisboa, Portugal;
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STUDY OF THE CONTRIBUTION OF GENES NERVOUS
SYSTEM RELATED TO HEART FAILURE

Mafalda Santos'?, Ana Matias™ Laura Aguiar®*’, Mario Rui Mascarenhas®*®, Mario Barbosa®’, Ana Melicio®,

Introduction: HF is a clinical syndrome due to a structural
and functional abnormality of the heart that results in elevated
intracardiac pressures and inadequate cardiac output at rest
or during exercise. This syndrome is a major public health
problem and one of the main causes of mortality. Moreover,
it can be amplified by pathology associated with the Nervous
System.

Aim: This study aims to investigate the contribution of
variants in genes BDNF (rs6265), NTRK2 (rs2289656), NGF
(rs6330), NOS2 (rs9282801 and rs2297518) and ADRB2
(rs1042713) to HF development.

Material and methods: A case-control study was conducted
with a population of 508 individuals, of which 268 had HF
and 240 were controls. Among the HF group, the disease
was divided into non-preserved ejection fraction (EF) and
preserved EF. Variants related to the NOS2 and ADRB2 genes
were performed using the RFLP-PCR technique, the remaining
variants were analyzed using the Genotyping Endpoint PCR
technique. Statistical analysis was performed using IBM

Laboratério de Genética, Faculdade de Medicina da Universidade de Lisboa
*Faculdade de Ciéncias da Universidade de Lisboa

*Instituto de Investigagdo Cientifica Bento da Rocha Cabral, Lisboa
4Instituto de Saide Ambiental, Laboratério Associado Terra, Lisboa

Luiz Menezes Falcao®™®, Manuel Bicho** Angela Indcio™**

software® SPSS® Statistics 28.0, with a statistical significance
level set at p < 0.05.

Results: For the rs2289656 variant (NTRK2), the presence of
the A allele was found to be protective for HF [OR (CI, 95%) =
0.393 (0.184 — 0.837); p = 0.015]. Regarding all the other va-
riants, no statistically significant differences were found bet-
ween patients and controls. When the analysis between non-
preserved EF and controls was carried out, again the presence
of the A allele emerged a as protection factor [OR (Cl, 95%) =
0.294(0.116 — 0.746); p = 0.010)]. These results were adjusted
for age, BMI and gender.

Discussion: These results show an association between the
NTRK2 gene and HF in general, and non-preserved EF. The
identification of genetic variants that can somehow influence
the development and severity of HF may allow its faster
diagnosis and the application of methodologies for disease
prevention. Moreover, the results of this study will contribute
to define a genomic profile associated with the role of the
nervous system in HF.

SDepartmento de Endocrinologia, Diabetes e Metabolismo, Hospital de Santa Maria, Centro Hospitalar Lisboa Norte, Lisboa

°Departamento de Medicina Interna, Hospital Lusiadas Lisboa
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STUDY OF THE CONTRIBUTION OF MODULATORS OF IRON

HOMEOSTASIS IN HEART FAILURE

3,79

Ana Matias™ Mafalda Santos'?, Laura Aquiar*’, Mario Rui Mascarenhas*®, Mario Barbosa®’, Ana Melicio®, Luiz Menezes Falcdo®"*,

Introduction: Heart failure (HF) is considered one of the
biggest public health problems, affecting 2% of the world's
population. Is defined as a clinical syndrome due to a
structural and/or functional abnormality of the heart that
results in elevated intracardiac pressures and/or inadequate
cardiac output at rest and/or during exercise. It can be in-
fluenced by several genetic modulators, in particular genes
responsible for the balance of iron (Fe) metabolism, such as
the HFE, SLC40A1 and TMPRSS6 genes.

Aims: To investigate the contribution of common genetic va-
riants in HFE (C282Y - rs1800562 and H63D - rs1799945),
SLC40A1 (rs1439816 and rs2304704) and TMPRSS6
(rs855791) to HF.

Material and Methods: The study included a population of
301 HF patients and 361 controls. The polymorphic analysis
of the HFE gene variants (C282Y and H63D) was realized
using the Multiplex PCR-ARMS technique, while the Endpoint

Laboratério de Genética, Faculdade de Medicina da Universidade de Lisboa

?Faculdade de Ciéncias da Universidade de Lisboa

*Instituto de Investigagdo Cientifica Bento da Rocha Cabral, Lisboa
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“Servigo de Endocrinologia, Diabetes e Metabolismo, Hospital de Santa Maria, CHLN, Lisboa
¢Servigo de Medicina Interna do Hospital Lusiadas, Lisboa

“Faculdade de Medicina da Universidade de Lisboa

$Servigo de Medicina IT do Hospital de Santa Maria, CHLN, Lisboa
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’

Paula Faustino*'’, Manuel Bicho"**, Angela Inacio™*

Genotyping PCR technique was used for the remaining
variants. Statistical analysis was done using SPSS software,
version 28.0, with a statistical significance level of p<0.05.

Results: Statistically significant differences were found bet-
ween patients and controls, in relation to the frequency of
the C282Y genotypes. The presence of the Y allele [OR (Cl,
95) = 3.127 (1.223-7.995); p = 0.017] was considered a risk
factor for HF development.

Discussion: Based on the results obtained, the HFE gene
was shown to modulate HF. This investigation not only
provides a better understanding of the role of HFE in the
etiology of HF and is a step forward in personalized medicine,
but also underlines the importance of the iron homeostasis
in HF. It proposes and reaffirms that the study of iron —
related biomarkers as well as HFE common variants should
be performed in patients with HF.

9Centro Cardiovascular da Universidade de Lisboa (CCUL@RISE), Faculdade de Medicina da Universidade de Lisboa

“Instituto Nacional de Satide Doutor Ricardo Jorge, Lisboa
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UNVEILING SCA2 DISEASE PHENOTYPE: A NEW MOUSE MODEL
REVEALS MOTOR DEFICITS AND NEUROPATHOLOGY

André Conceicdo***%, Rebekah Koppenol"** Inés Afonso** Renato Vieira®, Rodrigo Paulino®,

Introduction: Spinocerebellar ataxia type 2 (SCA2) is a neu-
rodegenerative rare disorder, characterized by an abnormal
repeat of the cytosine-adenine-guanine (CAG) trinucleotide
within the coding region of the human ATXN2 gene. While
healthy individual typically display 22-23 CAG repetitions,
when these exceed 33 repeats, people will be affected by the
disease. The mutant gene is then translated into the protein
ataxin-2 bearing an abnormally long tract of glutamines
(polyQ). The molecular mechanisms by which the mutant
ataxin-2 leads to neurodegeneration are not fully understood.
However, it is known that mutant forms of ataxin-2 bearing
abnormal polyQ expansion are responsible for a wide-range
of cellular disturbances that include protein aggregation,
RNA toxicity, enhanced oxidative stress, aberrant calcium re-
leased or autophagy impairment. People affect by SCA2, ex-
perience numerous debilitating motor symptoms that culminate
in premature death. Currently, there are no therapies able to
cure nor delay the natural course of SCA2 disease, and
affected people rely only on symptomatic and supportive
treatment. Additionally, more than 80% of all therapies that
are in clinical trials fail to reach the market, mostly due to
poor pre-clinical evidence. This urgent unmet medical need
highlights the necessity to create new and more refined

! ABC-RI, Algarve Biomedical Center Research Institute, Faro, Portugal;

Lorenzo Mirapalheta®, Carlos A. Matos'?, Clévio Nébrega'>®.

tools to studies disorders, in order to develop novel, better
and more sustainable therapies. While several SCA2 mouse
models were already developed, they fail to recapitulate the
disorder phenotype, either because disease-related motor
symptoms are mild and late stage, or neurodegeneration is
not present. Methodology: Fallowing this rational, and to ad-
vance our understanding of SCA2, we have developed a
novel transgenic mouse model that expresses a human form
of the ATXN2 gene, bearing 129 CAG repeats (that codes for
129 glutamine), under the control of the Purkinje cell-specific
promoter L6-L7. We characterized four different SCA2 ATXN2-
129Q mouse lines, which were submitted to a battery of be-
havioural test and neuropathology histological analysis for a
period of 1 year, at different timepoints. Results: Preliminary
results, indicate that transgenic SCA2 ATXN2-129Q mice
have motor deficits and present neurodegeneration, since
early age. This novel SCA2 model will open the possibility to
assess new therapeutic approaches and unveil pathophy-
siological mechanisms underlying this highly debilitating di-
sorder.
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INFLUENCE OF GENETIC VARIANTS OF OXIDATIVE STRESS RELATED
GENES ON PROGNOSIS AND THERAPY RESPONSE IN

CHRONIC MYELOID LEUKEMIA

Raquel Alves'*** Filipa Ventura'? Joana Jorge'*** Ilda P Ribeiro***%, Gilberto Marques®, Margarida Coucelo***’, Joana Diamond®,

Paulo Freitas-Tavares’, Anténio Almeida®'®% Ana Cristina Gongalves'***, Ana Bela Sarmento-Ribeiro"***”

Chronic myeloid leukemia (CML) is a myeloproliferative neo-
plasm characterized by the presence of BCR-ABL1 oncogene.
Oxidative stress conditions are crucial in tumor development
and progression. The NRF2, codified by NFE2L2 gene, plays
a central role in redox balance, promoting the transcription
of cytoprotective and antioxidant genes such as SOD2, GPX1
and CAT. The action of this transcription factor is regulated
by KEAP1. Alterations in these genes, either due to somatic
mutations or genetic variants (SNV), have been associated
with the development, prognosis, and therapeutic response
in cancer.

This work evaluated the influence of polymorphisms in genes
associated with oxidative stress (NFE2L2, KEAP1, SOD2,
GPX1, and CAT) in prognosis and treatment response with
tyrosine kinase inhibitors (TKI) in CML patients.

In 194 CML samples, nine genetic variants in NFE2L2
(rs6721961, rs4893819, rs35652124, rs6706649 and
rs13001694), KEAP1 (rs113540846), SOD2 (rs4880), GPX1
(rs1050450) and CAT (rs1001179) were genotyped by PCR
based assays. The association of these genetic variants
with clinical-laboratory characteristics were assessed by Fis-
her's test, logistic regression, and Kaplan-Meier curves, con-
sidering a p<0.05.

The results obtained showed that patients with G allele on
GPX1 rs1050450 and KEAP1 rs113540846 variants have an

approximately 2-fold and 31-fold higher probability of being
TKI resistant, respectively. In TKl-resistant group, patients
with CT genotype in NFE2L2 rs4893819 variant were more
likely to need three or more lines of treatment (OR=5.60,
95%Cl 1.22-25.75, p=0.027). An important factor for TKI res-
ponse is BCR-ABL1 mutational status, and we found that in-
dividuals with AG genotype in NFE2L2 rs13001694 present,
approximately 9x more risk of mutation on this fusion gene.
Moreover, patients heterozygous for the NFE2L2 rs4893819
(CT genotype) and SOD2 rs4880 (AG genotype) variants have
faster disease progression [NFE2L2: hazard ratio (HR)=7.84,
95% CI 1.82-29.93, p=0.020; SOD2: HR=7.19, 95% CI 1.62-
31.96, p=0.035] comparing with other genotypes. While the
GG genotype of the NFE2L2 rs13001694 variant has a 2-fold
lower overall survival than other patients (HR=11.86, 95% Cl
1.39-1000.7, p=0.023). Additionally, we also observed an as-
sociation between haplotypes and genotypic profile with
CML prognosis.

In conclusion, our results suggest that genetic variants in
genes associated with the redox state might be important
factors in the prognosis, survival, and therapy response in
CML patients.

! Laboratory of Oncobiology and Hematology (LOH) and University Clinic of Hematology, Faculty of Medicine (FMUC), University of Coimbra, Coimbra, Portugal;
2 Coimbra Institute for Clinical and Biomedical Research (iCBR)—Group of Environmental Genetics of Oncobiology (CIMAGO), FMUC, University of Coimbra, Coimbra, Portugal;

3 Center for Innovative Biomedicine and Biotechnology (CIBB), Coimbra, Portugal;
* Clinical Academic Center of Coimbra, CACC, Coimbra, Portugal;

5 Cytogenetics and Genomics Laboratory, Institute of Cellular and Molecular Biology, Faculty of Medicine, University of Coimbra, Coimbra, Portugal.
¢ Clinical Pathology Service, Centro Hospitalar e Universitario de Coimbra (CHUC), Coimbra, Portugal.

7 Hematology Service, Centro Hospitalar e Universitirio de Coimbra (CHUC), Coimbra, Portugal

8 Hemato-Oncology Laboratory, Instituto Portugués de Oncologia de Lisboa Francisco Gentil EPE, Lisbon, Portugal.
¢ Hospital da Luz Lisboa and Faculdade de Medicina, Universidade Catélica Portuguesa, Lisbon, Portugal.
10 CIIS (Centro de Investigagio Interdisciplinar em Satde), Universidade Catdlica Portuguesa de Lisboa, Lisbon, Portugal.
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REGULATION OF THE ALTERNATIVE SPLICING OF
RAC1B IN TUMOR CELLS

Introduction: Cancer is a molecularly heterogeneous disease
that presents genetic modifications in different alternative
pathways. Our group has contributed to identify a subgroup
of colon tumors, characterized by the simultaneous presence
of an oncogenic mutation in BRAF and overexpression of
RAC1B, a splicing variant of the GTPase RAC1. Together,
these two changes stimulate signaling pathways that promote
the proliferation and survival of colorectal cells. The overex-
pression of RACTB has also been identified in pancreatic,
breast, lung and thyroid cancer. This splicing variant could
be a therapeutic target for the treatment of patients with
certain tumour subtypes, which highlights the importance of
studying its regulation in human cells. But how does the
overexpression of a splicing variant occur in tumour cells?
Our group found that the inclusion of alternative exon 3b,
which gives rise to the variant protein RAC1B with 19
additional amino acids, depends on two splicing factors,
SRSF1 (former SF2) and SRSF3 (former SRP20), which
promote and inhibit, respectively, the inclusion of this exon
in colorectal cancer cells. More recently, the ESRP1 factor
has also been studied in these cells and found to promote
RAC1B expression (unpublished data). Here we studied
whether the 3 splicing factors mentioned above are also mo-

Inés Bizarro'*?, Peter Jordan'?, Vania Gongalves™

dulators of the alternative splicing of RAC1B in breast and
lung cancer cells.

Methodology: We overexpressed the 3 splicing factors by
co-transfection with a RAC1 minigene and analyzed the ex-
pression levels of the RAC1 minigene-derived transcripts.
Next, we silenced the endogenous expression of the factors
by siRNA and evaluated the endogenous levels of RAC1B
transcript and protein.

Results and Discussion: After confirming the expected results
in colorectal cancer cells, we were able to successfully
induce the overexpression and silencing of the 3 splicing
factors in breast cancer cells. A similar role for SRSF1 and
SRSF3 in positively and negatively modulating RAC1B alter-
native splicing, respectively, was found in breast cancer cells.
Intriguingly, ESRP1 promoted the skipping of exon 3b in
these cells, revealing an opposite role in the alternative
splicing of RAC1B comparing to what was previously observed
in colorectal cancer cells. Currently, we are extending this
study to lung cancer cells. These results contribute to a
better understanding of the cellular specificity of alternative
splicing mechanisms in general, and to the regulation of
RACT1B in breast cancer in particular.

! Department of Human Genetics, National Institute of Health “Doutor Ricardo Jorge”, Lisbon, Portugal
2 BioISI-Biosystems & Intergrative Sciences Institute, Faculty of Sciences, University of Lisbon, Portugal

* Department of Chemistry and Biochemistry, Faculty of Sciences, University of Lisbon, Portugal
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IL-6 INDUCES THE OVEREXPRESSION OF GENES INVOLVED IN THE
REGULATION OF APOPTOSIS AND CELL-CELL ADHESION
IN POLARIZED COLORECTAL CANCER CELLS

Bérbara Alves', Joana F. Pereira'? José Ferrao', Luis Vieira'®, Paulo Matos™* Peter Jordan'? Vania Gongalves'?

Introduction: An inflammatory microenvironment was identified
as a critical tumor-promoting condition for cells harboring
tumor-initiating mutations. Cancer cells respond to pro-in-
flammatory signals with changes in their transcriptome,
namely upregulating the expression of pro-tumorigenic trans-
cript variants. A paradigmatic example is the variant RAC1B.
We found increased RAC1B levels in samples from inflam-
matory bowel disease patients or following experimentally-
induced acute colitis in mouse models and showed it to be
overexpressed in colorectal tumors. Recently, we found that
the overexpression of RAC1B in polarized Caco-2 colorectal
cancer (CRC) cells was triggered by the presence of pro-in-
flammatory interleukin (IL)-6. Here we describe the use of
RNA-seq to characterize the transcriptome-wide changes in-
duced in CRC cells by exposure to IL-6.

Methods: Total RNA isolated from control and IL-6-stimulated
cells was subjected to library preparation and paired-end se-
quencing. Sequencing fastq files were first processed and
quality controlled. Salmon was used to align raw reads to
the human reference transcriptome (hg38) and to perform
transcript quantification. Differentially expressed genes

(DEGs) were identified using DESeq2, by analyzing the sum-
marized counts per gene comparing control and IL-6 stimu-
lation conditions. We have also performed an analysis for
biological process enrichments by Gene Ontology. Selected
DEGs in significantly enriched categories were validated by
semiquantitative (sq)RT-PCR.

Results and Discussion: We show that the most significant
IL-6-induced transcriptional changes were associated with
the upregulation of a cluster of 18 genes, mostly associated
with the regulation of apoptosis and CEACAM-mediated cell-
cell adhesion. Using sqRT-PCR, we validated the upregulation
of three of these genes in IL-6 treated Caco2-cells, but, inte-
restingly, found their expression to be instead downregulated
in primary tumors of the CRC TCGA dataset.

Conclusion: Exposure of polarized Caco-2 CRC cells to IL-6
causes upregulation of pro-tumorigenic genes, which, para-
doxically, appear to be downregulated in primary CRC tumors.
Further studies will be required to clarify the impact of these
results in CRC development.

! Departamento de Genética Humana, Instituto Nacional de Saude Doutor Ricardo Jorge, 1649-016 Lisbon, Portugal
2BiolSI - Instituto de Biosistemas e Ciéncias Integrativas, Faculdade de Ciéncias, Universidade de Lisboa, 1749-016 Lisbon, Portugal
*Centro de Toxicogenémica e Saide Humana (ToxOmics), NOVA Medical School | Faculdade de Ciéncias Médicas, Universidade Nova de Lisboa, 1169-056 Lisbon, Portugal
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SYSTEMIC LUPUS ERYTHEMATOSUS: THE INFLUENCE
OF THE X-CHROMOSOME

Joana Ingcio ', Inés Almada Correia’, Adriana A. Vieira', Ema Neves %**, Paula Jorge ***, Mariana Luz *°", Ana Rita Grosso %,

Helena Cabaco', Nikita Khmelinskii "%, Maria José Santos '°, Sim&o T. da Rocha °%, Patricia Costa-Reis "’

Introduction: Systemic lupus erythematosus (SLE) is a chronic
autoimmune disease, with high morbidity and mortality.
There is a link between the number of X chromosomes and
SLE risk. Not only the female sex is the strongest risk factor
for SLE (9:1 female-male ratio), but also SLE is more frequent
in males with Klinefelter syndrome (XXY) and less frequent
in women with Turner syndrome (XO).

In female cells dosage of X-linked genes is equalized between
women and men through the random inactivation of one of
the two X chromosomes. This process, known as X-chromo-
some inactivation (XCI), is controlled by the non-coding RNA,
XIST. XCI abnormalities have been postulated to play a role
in SLE and partially explain its higher prevalence in women,
but formal proof is missing. Additionally, preferential inacti-
vation of one X chromosome, or XCI skewing, has been pre-
viously linked to autoimmunity. Whether XCI skewing is an
underlying cause of SLE sex-based disparity also remains
elusive.

Methodology: We established a large cohort of women with
SLE (children and adults) and unaffected women. We analyzed
XIST expression levels and the prevalence of XCI skewing
using the HUMARA assay. In parallel, we took advantage of
a curated published transcriptomic dataset of a large cohort
of SLE patients and unaffected individuals to investigate the

0

expression of XIST and X-linked genes in several immune-
cell types to complement the results of our cohort.

Results: Our preliminary results point towards an increased
XCI skewing in SLE B and T lymphocytes in SLE patients
comparing with unaffected women. After excluding the non-
informative samples from our initial group of 45 women (20
controls and 25 SLE patients), we observed 4 out of 14 SLE
B lymphocytes displayed a XClI ratio >70:30, comparing to 2
out of 18 control B lymphocytes. Regarding CD4+ T lympho-
cytes, 5 out of 13 SLE displayed a XCl ratio >70:30, comparing
to 2 out of 14 control CD4+ T lymphocytes.

In addition, our transcriptomic analysis of 27 immune cell
subtypes from 89 unaffected controls (66 women and 23
men) and 136 SLE patients (125 women and 11 men) showed
significantly reduced levels of XIST expression in B lympho-
cytes (double-negative and unswitched memory B cells), Th1
CD4+ T lymphocytes and plasmacytoid dendritic cells of
SLE female patients comparing with unaffected women.

Discussion: XIST expression is significantly decreased in se-
veral immune cells of SLE patients, which may be associated
with an aberrant XCI and, ultimately, may contribute to the
higher prevalence of SLE in women.

! Rheumatology Research Unit, Institute of Molecular Medicine Jodo Lobo Antunes, Faculty of Medicine of the University of Lisbon, Lisbon Academic Medical Centre, Lisbon, Portugal.
2 Molecular Genetics Unit, Centro de Genética Médica Dr. Jacinto Magalhdes (CGM), Centro Hospitalar Universitario do Porto (CHUPorto), Porto, Portugal.
* UMIB—Unit for Multidisciplinary Research in Biomedicine, ICBAS—School of Medicine and Biomedical Sciences, University of Porto, Porto, Portugal.

+ITR—Laboratory for Integrative and Translational Research in Population Health, Porto, Portugal.

*iBB - Institute for Bioengineering and Biosciences and Department of Bioengineering, Instituto Superior Técnico, Universidade de Lisboa, Lisbon, Portugal.
¢ Associate Laboratory i4HB - Institute for Health and Bioeconomy, NOVA School of Science and Technology, Universidade NOVA de Lisboa, Caparica, Portugal.
7 UCIBIO - Applied Molecular Biosciences Unit, Department of Life Sciences, NOVA School of Science and Technology, Universidade NOVA de Lisboa, Caparica, Portugal.

8 Servigo de Reumatologia e Doengas Osseas Metabdlicas, Hospital de Santa Maria, Lisbon, Portugal.
° Rheumatology Department, Hospital Garcia de Orta, Almada, Portugal.
10 Pediatric Rheumatology Unit, Hospital de Santa Maria, Lisbon, Portugal.
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TRNA EPITRANSCRIPTOME DISRUPTION OCCURS IN ALZHEIMER'S
DISEASE IN RESPONSE TO PROTEIN AGGREGATION BURDEN, AND
REPRESENTS A PROMISING THERAPEUTIC TARGET TO RECOVER
PROTEOSTASIS IN NEURODEGENERATION

Marisa Pereira’, Stefanie Kaiser’, Miguel Moutinho®, Ana R. Soares’

Alzheimer's Disease (AD) is a challenging neurodegenerative
disorder, characterized by the accumulation of B-amyloid ag-
gregates and loss of neuronal proteostasis. The maintenance
of proteostasis requires proper transfer RNA (tRNA) modifi-
cations, which play a pivotal role in ensuring optimal translation
of the genetic information. These modifications are catalyzed
by tRNA modifying enzymes that are often mutated or dysre-
gulated in neurological disorders. However, not much is
known concerning the relevance of tRNA modifying enzymes
and tRNA modifications in the context of AD.

Here, we show that the expression of several tRNA modifying
enzymes is impaired in the brains of AD patients at the
transcriptional level. We further show, for the first time, that
the expression of the specific tRNA modifying enzyme ELP3
negatively correlates with the amyloid plaque burden in AD
patients and that ELP3 is consistently found dysregulated in
different animal and cellular models of AD. Our data further
demonstrate that decreased ELP3 expression in AD-neuronal
like cellular models leads to tRNA hypomodification, dysre-
gulation of the tRNA pool and translation slowdown in an at-
tempt to counteract the deleterious effects of previous ac-
cumulation of B-amyloid aggregates. Indeed, we were able
to show that accumulation of B-amyloid aggregates is the
trigger for ELP3 expression disruption and tRNA epitrans-

Department of Medical Sciences, Institute of Biomedicine (iBiMED), University of Aveiro, Portugal;
?Institute of Pharmaceutical Chemistry, Goethe-University, 60438 Frankfurt, Germany;

criptome reprograming in AD. Of note, we were able to recover
translation efficiency and proteostasis after correcting tRNA
deficiencies by tRNA transfection.

In summary, our findings strongly suggest that amyloid pat-
hology disrupts neuronal proteostasis by reducing ELP3 ex-
pression, tRNA modification levels, and consequently trans-
lation efficiency. This study underscores the therapeutic po-
tential of modulating the tRNA epitranscriptome to reinstate
neuronal proteostasis in AD, thereby preserving overall
neuronal function.

Research funded by the FCT, POCH, FEDER, and COMPETE2020
(SFRH/BD/135655/2018, POCI-01-0145-FEDER-029843, CEE-
CIND/00284/2018), the EU (H2020-WIDESPREAD-2020-5 ID-
952373), and the Alzheimer's Association (AARG-NTF-23-
1149641).

3 Stark Neurosciences Research Institute, Indiana University School of Medicine, Indianapolis, IN, USA.
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PRECISION GENOME ANALYSIS: UNRAVELING SNVS AND
CNVS WITH A MULTI-VARIANT CALLER WGS WORKFLOW

Marta Ferreira "*** Celina Sdo José %, Francisco Almeida’**, Joaquin Maqueda 2 Rita Monteiro™*®,

Introduction: Exome analyses fail to detect single nucleotide
variants (SNVs) or structural variants (SV) occurring outside
the coding sequence. Genome-wide analysis emerges as a
solution to understand genome variation, and Whole Genome
Sequencing (WGS) the preferred method for that purpose.
We aimed at developing a WGS analysis workflow using a
combination of multiple variant callers for SNV, CNV and SV
calling.

Methods: We used a gold standard sample from the Genome
in a Bottle project (GIAB) to access the performance of a
novel pipeline encompassing alignment (BWA mem); post-
processing (GATK tools); CNV (integration of LUMPY, Delly
and GRIDSS caller outputs) or SNV (integration of Haploty-
peCaller-GATK (HC) and DeepVariant (DV) outputs) calling;
and Merging of multiple called variants (overlap analysis of
SNV, CNV and SV calls). We calculated recall, precision and
F1 scores by comparing our outputs with those from GIAB
for SNVs. As no gold standard is available in GIAB for CNVs,
we compared our CNV outputs with a GIAB pool of high con-
fidence and with variant calls from Manta, to improve our pi-
peline.

! Instituto de Investigagio e Inovagao em Satde, Universidade do Porto, Porto, Portugal

2 Institute of Molecular Pathology and Immunology of the University of Porto, Porto, Portugal

* Doctoral Program in Computer Sciences, Faculty of Sciences, University of Porto, Porto, Portugal
+ Department of Computer Science, Faculty of Science, University of Porto, Porto, Portugal

5 Currently at: Inovretail, SA, 4200-355 Porto

¢Dept. of Pathology, Faculty of Medicine, University of Porto, 4200 - 319 Porto, Portugal
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Results: We called 4.309.554 SNVs with DV and 4.578.886
with HC, and 4.109.099 were common. The performance of
DV alone (F1 score=0.9819, 3.802.474 true positives) was
better than SNV calling with HC alone (F1 score=0.9522,
3.759.774 true positives), but worse than the combination of
DV and HC outputs (F1 score=0.9841, 3.836.476 true positives
variants). Our CNV calling pipeline called a higher number of
variants than the, as well as a set of inversions confirmed by
visualization in samplot and supported paired-end and/or
split-reads, that were not called by GIAB or Manta.

Conclusion: Our WGS-pipeline shows high performance and
improves the likelihood of finding true positive germline
SNVs, captures high confidence CNVs and uniquely calls in-
versions.

Acknowledgments: MF's PhD fellowship Ref. 2020.05763.BD,
GenomePT 22184, LEGOH PTDC/BTM-TEC/6706/2020, SOL-
VE-RD H2020-SC1-2017, PDCC - Faculty of Science, University
of Porto
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IN VITRO FUNCTIONAL STUDIES OF VARIANTS IN THE LDLR GENE

Inés Rodrigues’, Maria S. Ferreira', Ana M. Medeiros'?, Joana R. Chora', Mafalda Bourbon'? and Ana C. Alves”

Introduction: Familial Hypercholesterolemia (FH) is a semi-
dominant disease characterized clinically by an increase in
plasma LDL cholesterol levels, leading to its accumulation
mainly in tendons (tendinous xanthomas) and arteries. Ge-
netically, this pathology is characterized by variants in three
genes: LDLR, APOB and PCSK9. The majority are found in
the LDLR gene. The functional characterization of variants
found in the genes associated with FH is important to
increase the scientific knowledge of the receptor function.

In the Portuguese Familial Hypercholesterolemia Study
(PFHS), 163 LDLR alterations were found in 416 index patients
and their relatives up to date. Until now, 103 of these
alterations already have a final classification of pathogenic
or likely pathogenic and 15 have been proved by in vitro
studies to be non-pathogenic. The aim of the present work is
to functionally characterize 4 LDLR missense alterations
found in Portuguese FH patients and worldwide.

Methods: Four LDLR mutants were generated by site-directed
mutagenesis and expressed in CHO-IdIA7 cells lacking en-
dogenous expression of LDLR. To determine the effects of

2

alterations on LDLR function, cell surface expression and bi-
nding and uptake of FITC-LDL was assessed by flow cytometry
and western blot.

Results: The variant p. (Pro608His) show a very low LDLR
activity (binding, internalization of LDL and expression <2%).
In the p. (Phe403del) variant, we observed an LDLR activity
of ~20%. The p. (Pro608Ser) variant showed a decrease in
the binding and internalization of LDL (30-50%) and normal
expression. p. (Val827lle) variant does not alter the LDLR
function (binding, internalization of LDL and expression
>90%).

Discussion: Functional studies increase the knowledge about
how variants affect the LDLR cycle. Functional characterization
of LDLR variants is important for a correct variant classification,
which will, in turn, influence patients’ diagnosis, treatment
and, in the end, patient prognosis. Moreover, it contributes to
the clarification of the molecular basis of FH worldwide.

! Unidade de I&D, Grupo de Investigagio Cardiovascular, Departamento de Promogao da Saude e Prevengio de Doengas Nao Transmissiveis, Instituto Nacional de Satide Doutor Ricardo Jorge,

Lisboa, Portugal;

2 BiolSI - Byosystems & Integrative Sciences Institute, Faculdade de Ciéncias, Universidade de Lisboa, Lisboa, Portugal.
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GENANIMATED: INNOVATIVE GENETICS EDUCATION
GOES TO THE MOVIES

Despite living in a flourishing era of Genetics and Genomics,
its perception by the Portuguese general public is still limited.
Furthermore, personalized treatments based on genetic tes-
ting/information will become increasingly available in upcoming
years. Knowledge of genetics/genomics concepts is therefore
crucial to understand recent developments and to make de-
cisions based on accurate and trustworthy information.

GenAnimatEd is a series of 3D animation videos on Genetics
and Genomics and their potential impact on human health.
Its focus is to communicate complex concepts,
technologies/applications, and research projects, in a clear
and plain language, to students, teachers, educators, non-
geneticists healthcare professionals (HCPs), and society in
general.

Presently, the series comprises 17 digital animations, each
addressing a specific subject — from DNA to proteins — or
area of expertise — from Cytogenetics to Proteomics — and
their potential impact on human health. Additional episodes
focus on specific research projects, their aims, methodology,
and results (obtained or expected) and how they may affect
patients/healthcare users. The whole series is freely available

Instituto Nacional de Satide Dr. Ricardo Jorge, Departamento de Genética Humana, Lisboa, Portugal
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as a playlist on our Institute’s YouTube channel to increase
outreach.

Combined visualizations have surpassed 5000 views, a high
number of which occurred in classrooms, 4 communication
symposiums, and 5 national and international science/film
festivals, leading to an even wider outreach, both in number
and type of audience. Despite targeting mainly high-school
and university students, as well as educators and HCPs, in-
creasingly positive qualitative feedback has been obtained
from non-targeted and diverse groups.

The successful outreach of our series confirms that animation
videos are a high-quality innovative format that improves
health communication to a widespread audience. It also
acts as an accessible and appealing tool to fight misinfor-
mation. This contributes to a more informed vision and
greater understanding of the importance and potential impact
of genetic information in healthcare, which is crucial for
health decisions pertaining disease diagnosis, treatment,
and management of patients and their families.
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A MACHINE LEARNING-BASED ALTERNATIVE FOR THE
IDENTIFICATION OF CANDIDATE GENES FOR SCHIZOPHRENIA

Daniel Martins™? Maryam Abassi"?; Joel P. Arrais’; Conceicdo Egas®

Introduction: Heritability studies have indicated a substantial
contribution of genetic factors to the manifestation of Schi-
zophrenia (SCZ). However, it still lacks definitive hypotheses
to explain its etiology. This uncertainty forces SCZ diagnosis
to rely on broad frameworks, which, in turn, hinders the col-
lection of robust case-control cohorts. As a paradigmatic
example of this issue, one of the largest cohorts on SCZ was
drawn from the Swedish Hospital Discharge Register, for
which there have been reported relatively high SCZ misdiag-
nosis rates (ranging from 6% to 19%).

Methodology: This large-scale case-control Whole-Exome
Sequencing dataset from the Swedish population was reduced
to 18,970 variants with significant associations to the phe-
notype. A gene-annotation-based Machine Learning model
was built and trained on the entire data to enhance the wit-
hin-group distinctions. The outlying cases, associated with
a higher likelihood of misclassification, were excluded from
the subsequent analysis. A second iteration of the model
was trained to analyze the capability of the refined dataset
to identify candidate genes for Schizophrenia.

Results: After excluding samples on a proportion equivalent
to the misdiagnosis rate associated with a narrow SCZ defi-

4

nition (19%), the classification model presented an AUC
value of approximately 0.81 for the test set. This degree of
separability between cases and controls would be in line
with Schizophrenia heritability estimates from the existing
literature. Further analyses point to a greater weight of con-
tribution of genes on glucose metabolism pathways

Discussion: Our findings suggest that the reported misdiag-
nosis rates for Schizophrenia may be reflected on its case-
control cohorts. This could compromise the performance of
purely genetic studies relying on such datasets. In comparison
to the original data, the genetic profiles leading to the
distinction of cases and controls in the refined dataset were
more consistent across different replications of the training
process. This supports the presented strategy to define more
informative subsets from large-scale cohorts and opens the
door to reusing such data with adapted machine learning
approaches for complex disease research.

Acknowledgements: FCT SFRH/BD/146094/2019; UIDB/
00326/2020; UIDP/00326/2020; UIDB/04539/2020;
UIDP/04539/2020; LA/P/0058/2020;

dbGaP phs000473.v2.p2.
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FIRST CLINICAL GENETIC STUDY OF INTELLECTUAL DISABILITY IN
THE PEOPLE'S REPUBLIC OF ANGOLA

Roberto Lardoeyt Ferrer ™", Maria do Rosario Braganga % Fernando Alberto Quilezi? Vanilson de Oliveira Porto Borges ?,

Bérbara Tchissola Sanjulo da Rocha Quilezi ®, Marisa Teca Nuno * Vicelma Mateus Vicente Ferreira-Borges ?,

Introduction: The American Association on Mental Retardation
characterizes intellectual disability (ID) as significant limitations
in intellectual functioning and adaptive behavior (practical,
social, and conceptual skills), beginning before the age of
18.(1) The etiology of ID is multiple; more than 250 causes
that originate it have been identified. According to the
American Association of Mental Retardation (AAMR), etiolo-
gical factors can have an origin: prenatal (whether genetic or
environmental), perinatal and postnatal.(2,3)

Objective: To characterize the causes of intellectual disability
in a sample of institutionalized children at the Special School
in Benguela in the People's Republic of Angola.

Methodology: A cross-sectional descriptive observational
study was carried out on a population of 139 schoolchildren
with ID. Guvtavson etiopathogenic classification was applied
to define the cause. Genetic causes were also identified.

Results: Prenatal etiology was the most frequent (45.3%),
followed by postnatal (29.5%) and perinatal ones (18.0%).
Environmental etiology (20.9%) was the most prevalent in
the prenatal category, highlighting alcohol consumption
(8.6%). In the perinatal stage, hypoxia at birth (5.0%) stood
out. In the postnatal stage, cerebral malaria (15.1%) was the
first cause, being also the third most predominant among all
categories. In addition, 80% of the cases studied had at least
one relative with the same disability. Thirteen cases with ge-
netic syndromes were identified, four cases with chromosomal
aberrations and six with a multifactorial disorder.

! Instituto Superior Politécnico Alvorecer da Juventude (ISPAJ). Luanda, Angola.
2Universidad Katyavala Bwila, Facultad de Medicina. Benguela, Angola.
3Hospital General de Benguela. Benguela, Angola

4Hospital Municipal de Bocoio. Benguela, Angola

Albertino Candimba Sebastigo '

Discussion: In Angola, a prenatal care strategy should be im-
plemented from the genetic point of view, continuing to
insist on prenatal, perinatal and postnatal care for mothers
and children. In addition, genetic counseling services should
be implemented to help increase genetic education in the
Angolan population, and frequent infections such as Malaria,
both in the prenatal and postnatal stages, should be controlled.
All these elements can enrich the idea of implementing com-
munity genetics supported by a technological support.
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DISCLOSURE OF GENETIC RISK INFORMATION TO FAMILY MEMBERS:
PREFERENCES OF INDIVIDUALS FROM FAMILIES WITH INHERITED

CONDITIONS IN PORTUGAL

Mara Pinto’, Jodo P, Freixo?, Filipa Julio®, Tamara H. Milagre**, Liliana Sousa’, Luis Sousa®, & Alvaro Mendes®’

Communicating genetic risk to patients’ relatives is key to
realizing the full benefits of genetic health care. Standard
practice involves healthcare professionals (HCPs) assisting
patients in identifying at-risk relatives and encouraging dis-
closure, with patients bearing the responsibility for informing
relatives of their genetic risk. However, this communication
is often challenging and genetic counselling and testing
among at-risk relatives are underutilized. This study aimed
to explore the preferences of individuals from families with
inherited genetic conditions about the disclosure of genetic
risk to family members.

Seventeen patients’ organizations in Portugal advertised
online surveys between November 2022 and January 2023.
Data were analyzed through descriptive and comparative
statistics.

292 participants were considered: mean age 45.5 (range: 18-
77, SD 11.54), 74.7% were female, 7.2% had children, 59%
had higher education. Participants comprised 45.4% symp-
tomatic individuals, 26% direct relatives, 21.4% pre-symptomatic
carriers, and 7,2% non-biological family members, mainly

from families with hereditary ATTR amyloidosis (15%) Hun-
tington’s disease (14%), cystic fibrosis (13%), and hereditary
cancer predisposition syndromes (11%). Most participants
(39%) believed that all relatives should be informed, 32%
thought that direct relatives should be contacted first, and
26% believed that only direct relatives should be informed. A
substantial number (45%) believed that probands should
initiate the first contact, with HCPs following up; while 28%
thought that probands should decide whether HCPs would
be involved in informing relatives. A significant majority
(84%) believed that HCPs should actively offer support for
inform relatives. Moreover, 83.6% felt that HCPs should
directly inform relatives when patients are unable or unwilling
to do it, for treatable or untreatable conditions.

These results highlight preferences for involving patients
and HCPs in informing relatives of their genetic risk, including
direct contact by genetics services. This study contributes
for discussions on how to appropriately cascade relevant in-
formation to at-risk relatives.

! Department of Education and Psychology, CINTESIS@RISE, Universidade de Aveiro, Aveiro, Portugal
>CGPP - Centre for Predictive and Preventive Genetics, IBMC - Institute for Molecular and Cell Biology, i3S - Instituto de Investigagao e Inovagao em Satide, Universidade do Porto, Porto, Portugal

3 Associagao Portuguesa dos Doentes de Huntington, Lisboa, Portugal
4 Associagao Evita — Cancro Hereditério, Lisboa, Portugal

5 ePAG ERN GENTURIS - European Patient Advocacy Group, European Reference Network for all Patients with one of the Rare Genetic Tumour Risk Syndromes

S APAHE - Associagio Portuguesa de Ataxias Hereditérias, Vila Franca de Xira, Portugal

7UnIGENe, IBMC - Institute for Molecular and Cell Biology, i3S - Instituto de Investigagio e Inovagao em Satide, Universidade do Porto, Porto, Portugal
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THE CLINICAL APPROACH IN CASE OF DPYD MUTATION, AT
THE PORTUGUESE INSTITUTE OF ONCOLOGY OF COIMBRA

Filipa P, Freitas', Joana Oliveira’, Marta Mota’, Joana Rosmaninho-Salgado®, Ana. R. Paiva', Rui Soares"

Introduction: Personalizing pharmacotherapy has emerged
as a pivotal approach for enhancing drug efficacy while mi-
nimizing adverse effects. Fluoropyrimidines (FP) is a drug
used in the treatment of some cancers1. Dihydropyrimidine
dehydrogenase (DPD) is a crucial enzyme in the metabolism
of FP2. In Portugal due to DPYD variants, European Medicines
Agency and Infarmed recommended the testing of the four
recommended variants (DPYD*2, DPYD*13, HapB3, and
€.2846A>T) before the beginning of treatments3. In our
hospital, usually, clinicians prescribed the FP in reduced
doses before the diagnosis independently of DPYD genotype.
The DPYD-genotype was established since 2021, therefore
this work intends to evaluate if testing for DPYD-genotype
had an impact on dose individualization in daily clinical care.

Methodology: The blood of 320 oncologic patients from the
Portuguese Institute of Oncology of Coimbra Francisco Gentil
was collected. Genomic DNA and the detection of the variants
was through real-time polymerase chain reaction using gb
PHARM DPYD kit according to the manufacturer’s instruc-
tions.

Results: Of 320 patients who were submitted to the DPYD
test, 3% presented one of tested variants, in heterozygosity:

! Clinical Pathology Service, Portuguese Institute of Oncology of Coimbra Francisco Gentil, EPE
2Servigo de Genética Médica, Hospital Pedidtrico de Coimbra, CHUC
*Institute of Medical Microbiology, Faculty of Medicine, University of Coimbra

3

C.2846AT (n=4), DPYD*2A (n=3), and HapB3 (n=3). Four of
these patients had already initiated treatment before under-
going DPYD-genotype test, one passed away before the treat-
ment, one had to be suspended, and one did not present
clinical features to do the treatment. The other three patients
did the full treatment, where in two (66%) it was reduced 50%
of the dose and only one maintained the initial dosage of FP.

Discussion: The 3% of DPDY variants is according to the lite-
rature2. Although a small number of patients benefit from
DPYP variants, this study supports the clinical utility of DPYD
genotyping as a screening test for DPD deficiency. A previous
diagnosis of DPDY genotype could prevent the toxicity and a
bigger damage to the health of the patients.

Declaration of interests: The 1st and the 2nd author rely on
the sponsorship of Bioportugal for the costs of event regis-
tration

References:

'Lau et al., BMC cancer, 2023, 23.1: 380

Lunenburg et al., Eur J Hum Genetics, 2020, 28.4: 508-517
3Circular Informativa DGS N.° 072/CD/550.20.001; 18/03/2020
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PROP1 MUTATIONS IN PORTUGUESE PATIENTS WITH COMBINED

PITUITARY HORMONE DEFICIENCY

Ana C. Ribeiro ™', Eduarda Coutinho’, Catarina I. Gongalves’, Luis R. Saraiva’?, Manuel C. Lemos'

Keywords: PROP1, Combined Pituitary Hormone Deficiency,
mutation, pathogenic variant.

Introduction: Combined pituitary hormone deficiency (CPHD)
is characterized by impaired secretion of growth hormone
and one or more other anterior pituitary hormones. Genetic
CPHD can be caused by mutations in genes involved in the
hypothalamic-pituitary development. Particularly, inactivation
of PROP1, which encodes a pituitary-specific transcription
factor, was firstly related to CPHD in 1998. Since then, PROP1
become recognized as the most common genetic cause for
this disorder. Our aim was to establish the prevalence of
PROP1 mutations in a cohort of Portuguese patients with
idiopathic CPHD.

Methodology: This study included 119 CPHD patients, con-
sisting of 98 sporadic cases and 21 familial cases. The
PROP1 gene was analysed by Sanger sequencing. Putatively
pathogenic variants were selected by keeping non-synonymous
variants located in the exons and intron-exon boundaries,
along with an allele frequency below 0.001 in gnomAD.

Results: Homozygous or compound heterozygous PROP1
mutations were identified in 30 (25.2%) patients with CPHD.
These were present in 9 (9.2%) of sporadic cases and 21
(100%) of familial cases. The most frequently observed mu-
tation was the homozygous deletion ¢.301_302delAG,
p.(Leu102Cysfs*8), present in 24 (20.2%) CPHD patients.

Discussion: PROP1 mutations were identified in 25.2% of
Portuguese patients with idiopathic CPHD. In accordance
with previous studies, we observed a high frequency of the
¢.301_302delAG deletion. This first reported mutation remains
the most frequent PROP1 pathogenic variant reported so far.

Acknowledgements: This work was funded by Portuguese
Foundation for Science and Technology (PTDC/SAU-
GMG/098419/2008 and UI/BD/151021/2021).

! CICS-UBI - Health Sciences Research Centre, University of Beira Interior, 6200-506 Covilha, Portugal

2 Translational Medicine Division, Sidra Medicine, Doha P.O. Box 26999, Qatar
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LEARNING IS A LIFELONG EXPERIENCE: LESSONS FROM 30 YEARS OF
THE PORTUGUESE FANCONI ANEMIA COHORT

Jorge Diogo Da Silva'***, Claudia Oliveira®, Ana Rita Soares™, Isabel Serra Nunes', Nadia Neto®, Ana Maria Fortuna'”,

Introduction: the characterization of disease cohorts from
different populations is extremely important in genetic con-
ditions. However, this is extremely difficult in rare conditions
as the cases are not often centralized in a specific center or
diagnostic lab. One of these rare conditions is Fanconi
anemia (FA), a chromosome instability syndrome with a mul-
tisystemic clinical presentation. In Portugal, the diagnosis
of FA is mostly centralized in a laboratory that tests for die-
poxybutane (DEB)-induced chromosome breakage. We aimed
to assess genotypic-phenotypic (G-P) aspects of the FA Por-
tuguese population.

Methodology: we retrospectively reviewed clinical and mole-
cular information from FA cases from January 1991 to June
2023, from the Cytogenetics Laboratory of the School of Me-
dicine and Biomedical Sciences. Cases were considered po-
sitive if DEB-treated cell cultures showed at least a mean
number of 0.96 chromosome breaks per cell, including the
presence of multiple radial figures.

Results: a total of 84 patients were diagnosed with FA at a
median age of 6 years, out of which 48 (57%) are female.
There was positive family history in 14% and consanguinity
in 35% of cases. In 37 (44%) cases there was a molecular
diagnosis, with 33 of those (89%) presenting biallelic FANCA
pathogenic variants. The most common variant was the non-
sense FANCA ¢.295C>T, corresponding to an overrepresentation

Nataliya Tkachenko'*, Beatriz Porto®

of the Romani ethnicity, which comprises 31% of cases.
Some patients were diagnosed due to positive family history,
and were clinically asymptomatic at diagnosis; hematological
and morphological features were found in 75% and 58% of
cases respectively. Interestingly, patients displaying anemia
had a significantly increased number of DEB-induced breaks
per cell. Carriers of a homozygous FANCA ¢.295C>T variant
had increased rates of red blood cell (RBC) regeneration,
with no other relevant G-P correlation. Twenty-three patients
underwent hematopoietic stem cell transplant. In at least 2
patients, somatic genetic rescue was presumed due to long-
term loss of the cytogenetic phenotype, through a direct re-
versal mechanism in one case, and indirect in the other.

Discussion: this work illustrates the well-known lack of G-P
correlations in FA. Nevertheless, RBC levels seem to be a re-
liable proxy for cytogenetic and molecular findings, something
which has not been prior reported. Another differing aspect
from this cohort is that the well-established male overrepre-
sentation is not present. The FANCA ¢.295C>T variant can
be considered overrepresented in the Portuguese cohort. In
conclusion, this work highlighted some specificities of the
Portuguese FA population as well as the importance of cen-
tralizing data on rare diseases.

! Unidade de Genética Médica, Centro de Genética Médica Doutor Jacinto Magalhaes, Centro Hospitalar Universitdrio de Santo Anténio, Porto, Portugal.
2 Life and Health Sciences Research Institute (ICVS), School of Medicine, University of Minho, Braga, Portugal

3ICVS/3B’s - PT Government Associate Laboratory, Braga/Guimaraes, Portugal.

# Unit for Multidisciplinary Research in Biomedicine, Abel Salazar Biomedical Sciences Institute, Porto University, Porto, Portugal.
5 Laboratério de Citogenética, Instituto de Ciéncias Biomédicas Abel Salazar (ICBAS), Universidade do Porto, Porto, Portugal.
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COMBINED GERMLINE AND TUMOR MUTATION SIGNATURE
TESTING IDENTIFIES NEW FAMILIES WITH NTHL1 TUMOR

SYNDROME

Carla Pinto'**", Joana Guerra®"', Manuela Pinheiro? Carla Escudeiro™, Catarina Santos'?, Pedro Pinto? Miguel Porto?

Carla Bartosch®®, Jodo Silva®’, Ana Peixoto'? Manuel R. Teixeira"*®

Introduction: NTHL1 tumor syndrome is an autosomal re-
cessive rare disease caused by biallelic inactivating variants
in the NTHL1 gene and which presents a broad tumor
spectrum. We aimed to contribute to the characterization of
the phenotype of this syndrome.

Methodology: We studied 467 index patients by KASP assay
or next-generation sequencing, including 228 patients with
colorectal polyposis and 239 patients with familial/personal
history of multiple tumors (excluding multiple
breast/ovarian/polyposis).

Results/Discussion: Three NTHL1 tumor syndrome families
were identified in the group of patients with polyposis and
none in patients with familial/personal history of multiple tu-
mors. Altogether, we identified nine affected patients with
polyposis (two of them diagnosed after initiating colorectal

cancer surveillance) with biallelic pathogenic or likely patho-
genic NTHL1 variants, as well as two index patients with one
pathogenic or likely pathogenic NTHL1 variant in concomitance
with a missense variant of uncertain significance. Here we
identified a novel inframe deletion classified as likely patho-
genic using the ACMG criteria, supported also by tumor mu-
tational signature analysis. Our findings indicate that the
NTHLT tumor syndrome is a multi-tumor syndrome strongly
associated with polyposis and not with multiple tumors
without polyposis.

Acknowledgments: FCT PhD fellowship  (ref.
SFRH/BD/138670/2018); P.CCC NORTE-01-0145-FEDER-
072678 (NORTE 2020).

'Department of Laboratory Genetics, Portuguese Oncology Institute of Porto (IPO-Porto)/Porto Comprehensive Cancer Center, Porto, Portugal;
2 Cancer Genetics Group, IPO-Porto Research Center (CI-IPOP)/RISE@CI-IPOP (Health Research Network), Portuguese Oncology Institute of Porto (IPO-Porto)/Porto Comprehensive Cancer Center,

Porto, Portugal;

3Department of Pathological, Cytological and Thanatological Anatomy, School of Health, Polytechnic Institute of Porto, Porto, Portugal;

4Doctoral Programme in Biomedical Sciences, School of Medicine and Biomedical Sciences (ICBAS), University of Porto, Porto, Portugal;

* Department of Pathology, Portuguese Oncology Institute of Porto (IPO-Porto)/Porto Comprehensive Cancer Center, Porto, Portugal;
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NEURODEVELOPMENT TRENDS IN PORTUGUESE CHILDREN
DIAGNOSED IN THE NEWBORN SCREENING WITH PHENYLKETONURIA
OR CONGENITAL HYPOTHYROIDISM:

A RETROSPECTIVE COHORT STUDY

Introduction: Neurodevelopmental disorders pose a significant
public health concern, with early diagnosis and intervention
being crucial for optimal outcomes. This study investigates
the neurodevelopmental trends of children diagnosed with
phenylketonuria (PKU) or congenital hypothyroidism (CHT)
in the newborn screening, aiming to shed light on the timing
of neurodevelopmental challenges in a Portuguese cohort.

Methodology: In this retrospective cohort study we analyzed
a comprehensive dataset of 98 patients with PKU and 168
with CHT, including neurodevelopmental and intellectual quo-
tient (1Q) assessment. The primary outcome measure was
1Q in childhood.

Results: Our findings revealed distinct neurodevelopmental
trends in the two groups. Children with CHT who later a
lower 1Q have exhibited lower neurodevelopmental assessment

Celia Azevedo Soares "%%* & Carla Carmona "%*

scores in their first year of life, highlighting the early onset of
cognitive challenges in this population. In contrast, children
with PKU with a lower 1Q later in childhood displayed a
decline in neurodevelopmental scores only after the third
year of life, suggesting a delayed onset of neurocognitive
difficulties compared to those with congenital hypothyroi-
dism.

Discussion: This study underscores the importance of early
and continuous monitoring of neurodevelopment in children
diagnosed with PKU and CHT. Early diagnosis and targeted
interventions for children with congenital hypothyroidism
may help mitigate cognitive deficits, while close monitoring
beyond the third year of life is essential for those with PKU.
Further studies are needed to clarify the differences in the
age of onset of neurodevelopment difficulties in these two
populations.

! Centro de Genética Médica Dr. Jacinto Magalhaes, Centro Hospitalar Universitério do Porto, Porto, Portugal.

2 Unidade Multidisciplinar de Investigagao Biomédica, Instituto de Ciéncias Biomédicas Abel Salazar (UMIB/ICBAS) and Laboratory for Integrative and Translational Research in Population Health (ITR),

Universidade do Porto, Porto, Portugal.
3Departamento de Ciéncias Médicas, Universidade de Aveiro, Aveiro, Portugal.
i3S - Instituto de Investigagdo e Inovagio em Satde, Universidade do Porto, Porto, Portugal.

5Centro de Referéncia de Doengas Hereditarias do Metabolismo, Centro Hospitalar Universitario do Porto, Porto, Portugal.
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DELIBERATING GENETIC RISKS: PROTOCOL OF A PROSPECTIVE,
MULTI-METHOD STUDY ON PATIENT DECISION-MAKING AND
DISCLOSURE FROM GENETIC COUNSELLING TO THE FAMILY

Milena Paneque?, Maria Barbosa™®, Angus Clarke*, Sofia Fontoura Dias®, Filipa Julio®"%, Alison Metcalfe®, Jorge Sequeiros™,

The confirmation of a genetic disease in a patient has impli-
cations for family members, who may be at risk of developing
the condition or of passing it on to their offspring. Family
communication of risk information is commonly encouraged
in genetic counselling (GC), but this communication may be
challenging and, often, some at-risk relatives remain uninfor-
med. Barriers and facilitators to communicating genetic risk
within the family are known; yet, evidence is limited on how
those impact on the patient’s decision-making process, and
how GC influences these decisions.

We describe a protocol, for the project DECIDE, which aims
to uncover the course of patients’ decision-making about
disclosure of genetic information to family members and to
co-produce a counselling framework that assists healthcare
providers in facilitating family communication of genetic
risks.

The specific goal of DECIDE is to investigate the patient’s
journey throughout the decision-making process by examining
the impact of GC on how patients deliberate their disclosure
decisions, and the role of the family and other lifeworld
factors in that process. This project draws on a prospective,
sequential, multi-methods study. First, we will observe genetic
counselling clinics to investigate the framings and discussions
when addressing communication with the family. Secondly,
patients will be invited to keep diaries, through which we will
examine their process of reflection and how it translates

Liliana Sousa® & Alvaro Mendes'

into communication with the family. Finally, in-depth interviews
with patients will be conducted to explore their overarching
and more settled perspectives around family disclosure.
Data will be collected in medical genetics departments across
Portugal.

Data will be analysed using a composite of theme-oriented
discourse analysis of observations of genetic counselling
clinics, and reflexive thematic analysis of diaries and interviews.
We will focus on connecting the negotiation of meaning in
relation to genetic counselling and patient decision-making.
This will provide an empirical foundation upon which a mul-
ti-stakeholder panel will engage (involving representatives
of patient advocacy groups, healthcare professionals and re-
searchers) to co-produce and validate a consensus-based
counselling framework, using a Delphi study with specific
values, strategies, attitudes and practical points to supplement
GC.

We hope this project may contribute to fill in knowledge
gaps on GC research and support patients regarding family
communication of risk information.

This project has received funding from the FCT - Fundagao
para a Ciéncia e Tecnologia (2022. 04025.PTDC).

1 UnIGENe and CGPP - Centro de Genética Preditiva e Preventiva, IBMC - Institute for Molecular and Cell Biology, i3S - Instituto de Investigagdo e Inovagio em Saude, University of Porto, Portugal

2 ICBAS - School of Medicine and Biomedical Sciences, University of Porto, Portugal
3 Faculty of Psychology and Educational Sciences, University of Porto, Portugal

4 Division of Cancer & Genetics, Institute of Medical Genetics, Cardiff University School of Medicine, UK

5 Department of Education and Psychology, CINTESIS@RISE, University of Aveiro, Portugal
6 European Huntington Association and Portuguese Huntington Association
7 Faculty of Psychology and Educational Sciences, University of Coimbra, Portugal

8 CIBIT - Coimbra Institute for Biomedical Imaging and Translational Research, University of Coimbra, Portugal

9 LOHA Health Ltd, UK
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GENETIC MODIFIERS OF SICKLE CELL ANEMIA SEVERITY,

IN AN ANGOLAN COHORT

Catarina Ginete', Mariana Delgadinho’, Brigida Santos*’, Armandina Miranda®, Carina Silva'®, Paulo Guerreiro’,

Introduction: Sickle Cell Anemia (SCA) is an inherited disease
caused by a single nucleotide substitution in HBB gene, that
encodes for the B-globin subunit of hemoglobin. Although
patients’ phenotypes are very heterogenous, in terms of
severity and life spam, patients homozygous for this mutation
usually exhibit chronic hemolytic anemia, report frequent
and severe painful crisis and present extensive organ damage.
The aim of this study was to identify genetic modifiers of
SCA phenotypes and severity in the HBB Cluster, HBS1L-
MYB intergenic region, BCL11A, KLF1, FOX3, and ZBTB7A
genes, and assess their influence and prevalence in an
Angolan population.

Methodology: Using next-generation sequencing, HBB Cluster,
HBS1L-MYB intergenic region, BCL11A, KLF1, FOX3, and
ZBTBTA genes, from samples of 192 SCA children, were se-
quenced. Patient’s severity phenotypes were evaluated con-
sidering hematological, biochemical, and clinical data.

Results: Samples from 192 Angolan patients (99 female),
aged between 3 and 12 years old, were sequenced and
5,019,378 variants of high quality were registered. Values of
Fetal hemoglobin ranged from 0,7 and 23.8%, and children

Emile R. Chimusa®, Miguel Brito™?

were grouped according to previous manifestations/phenotype
(Hemolytic, vaso-occlusive and less severe phenotypes).

Discussion: Two SNPs in the intronic region of chromosome
2q16.1, harboring the BCL11A gene, rs1427407 (P=1.29e-09,
MAF=0.22) and rs71327644 (P=7.39e-08, MAF=0.30) are ge-
nome-wide significant associated with decreasing HbF.
Several variants, identified in 18 and 12 chromosomal regions,
were also identified as nominally associated with the decrease
of HbF and with VOC phenotype, respectively. Most of the
genes associated with these variants are part of BCL11A
functional/physical and co-expression network. To our know-
ledge, this is the first investigation of clinical variation in
SCA in Angola using a well-customized and targeted se-
quencing approach, bringing significant contributions to pre-
sent knowledge of the clinical heterogeneity of SCA.

This research was funded by FCT/Aga Khan (project
n°330842553) and FCT/MCTES (UIDB/05608/2020 and
UIDP/05608/2020) —H&TRC.

The authors declare that they have no competing interests.

! H&TRC- Health & Technology Research Center, ESTeSL- Escola Superior de Tecnologia da Satde, Instituto Politécnico de Lisboa, Lisboa, Portugal.

2 Centro de Investigagao em Satide de Angola (CISA), Bengo, Angola
3 Hospital Pedidtrico David Bernardino (HPDB), 3067 Luanda, Angola
*Instituto Nacional de Satide Doutor Ricardo Jorge (INSA), Lisboa, Portugal

5 Department of Applied Sciences, Faculty of Health and Life Sciences, Northumbria University, Newcastle, Upon Tyne, NE1 8ST, UK.
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COMMUNICATING GENETIC INFORMATION IN FAMILIES WITH
LATE-ONSET NEUROLOGICAL DISEASES: A SCOPING REVIEW

Sofia Fontoura Dias'? Maria Barbosa®*, Filipa Julio®®’, Milena Paneque®, Jorge Sequeiros®®, Liliana Sousa'? & Alvaro Mendes

Communicating genetic information in families with late-
onset neurological diseases (LONDs) is complex due to the
limited medical actionability of genetic risk information.
Despite the abundant literature on communication of genetic
information in families with preventable or treatable conditions,
no reviews have specifically addressed LONDs. This scoping
review aims to map the research evidence on the communi-
cation of genetic information in families with LONDs, to
identify its key characteristics and the obstacles and facilitators
involved.

This review followed the JBI and PRISMA guidance. It included
peer-reviewed primary research articles, published since
1997, and written in English, Portuguese, Spanish, or French.
Studies concerning individuals at risk or with LONDs or their
relatives and focused on family communication of genetic
information were included.

In total, 30 articles met the eligibility criteria. These were pu-
blished from 1997 to 2023, mainly conducted in the USA
(n=9). Most focused on families with Huntington's disease
(n=26) and used qualitative research methods (n=26). A pre-

! Department of Education and Psychology, University of Aveiro, Aveiro, Portugal

3

liminary analysis suggested that most studies addressed
whether and why, what, how, and when to communicate, and
who was involved. Studies emphasized an individual's res-
ponsibility to inform relatives (whether and why). Parents,
particularly older generations, were seen as pivotal figures,
mainly women (who). The communication content included
selected information on symptoms, prognosis, or the course
of the condition (what), which could be shared either abruptly
or gradually (how). Finding the "right time" to disclose, espe-
cially to children or partners (when), was often reported. Ulti-
mately, decisions about communication were influenced by
prior knowledge of the condition, family dynamics, as well
as the perceived vulnerability and receptivity of family mem-
bers. Stigma was often cited as a barrier to family communi-
cation, leading to secrecy.

Future research should examine family communication about
LONDs using longitudinal approaches. Also, how the prospect
of available effective therapies may influence family intentions
and communication patterns should be investigated.

2 CINTESIS@RISE - Center for Health Technology and Services Research, University of Aveiro, Aveiro, Portugal
3 UnIGENe and CGPP - Centro de Genética Preditiva e Preventiva, IBMC - Institute for Molecular and Cell Biology, i3S - Instituto de Investigagao e Inovagao em Saude, University of Porto, Porto,

Portugal
4 Faculty of Psychology and Educational Sciences, University of Porto, Porto, Portugal
5 European Huntington Association and Portuguese Huntington Association
¢ Faculty of Psychology and Educational Sciences, University of Coimbra, Coimbra, Portugal

7 CIBIT - Coimbra Institute for Biomedical Imaging and Translational Research, University of Coimbra, Coimbra, Portugal

8 [CBAS School of Medicine and Biomedical Sciences, University of Porto, Porto, Portugal
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GENETIC TESTING FOR GERMLINE VARIANTS IN HOMOLOGOUS
RECOMBINATION REPAIR GENES, OTHER THAN BRCA1 AND BRCA2,
IN PATIENTS WITH SUSPECTED HEREDITARY CANCER SYNDROMES

Daniela Arnaut’, Pedro Rodrigues’?, Patricia Theisen', Dina Carpinteiro? Luis Vieira?, Jodo Gongalves'?

Homologous recombination repair (HRR) is the cellular me-
chanism for error-free repair of DNA double-strand breaks.
Pathogenic germline variants in BRCA1 and BRCA2 lead to
HRR deficiency associated with breast, ovarian, prostate,
pancreatic cancers and are sensitive to PARP inhibitors
(PARPI). Defects in HRR genes beyond BRCA1/2 could also
result in HRR deficiency and sensitize the tumor to PARPI,
thus expanding the subset of patients that can benefit from
these targeted therapy cancer drugs.

We studied 56 DNA samples obtained from patients with
personal and family history of cancer. Genes involved in
HRR (ATM, BAPT, BLM, BRIP1, FANCA, FANCB, FANCC,
FANCD2, FANCE, FANCF, FANCG, FANCI, FANCL, FANCM,
NBN, PALB2, RAD51C, RAD51D) were analysed by NGS using
TruSight® Hereditary Cancer. Sequence alignment and an-
notation included DRAGEN Enrichment and Variant Interpreter
- lllumina®. Variant classification, according to ACMG-AMP
1, was based on VEPR, HSF, Alamut, VarSome and several da-
tabases (ex. HGMD, gnomAD, dbSNP). Variants of uncertain
significance (VUS) were also classified with the stepwise
ABC system?2. All pathogenic/likely pathogenic SNVs and
CNVs were confirmed by Sanger sequencing or MLPA.

'Human Genetics Department, National Institute of Health Dr. Ricardo Jorge, Lisbon, Portugal.

We identified 156 SNVs and one CNV, of these 125 were be-
nign/likely benign. Seven clinically actionable variants were
found in 10.7% of the patients: 3 pathogenic variants in
FANCA, FANCD2 and FANCI give rise to premature stop
codons and one pathogenic CNV in FANCA (deletion of exons
38 and 39); 2 likely pathogenic variants in BLM and FANCI
affecting splicing and one frameshift in FANCG. Classification
of 18 VUS with the ABC system resulted in: 8 class 0 (normal
finding), 7 class E (potential interest) and 3 class D (low pe-
netrance) variants. In addition, 7 SNVs were classified as hy-
pomorphic alleles.

This study confirmed: i) the importance of extending the mo-
lecular study beyond BRCA1/2 to other genes involved in
HRR, ii) some variants require functional/family studies to
establish their pathogenicity, and iii) these genes could po-
tentially be considered for specific and clinical studies
involving PARPI therapy.

1 - doi:10.1038/gim.2015.30; 2 - doi:10.1038/s41431-021-
00903-z.

2 Center for Toxicogenomics and Human Health, Nova Medical School, Lisbon, Portugal. Support: FCT/MCTES, Projects - ToxOmics and Human Health (UIDB/00009/2020) and GenomePT (POCI-01-

0145-FEDER-022184).
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GENETIC STUDY OF PATIENTS WITH PRIMARY CILIARY DYSKINESIA

AND INFERTILITY

Nygell Alves™, Telma Barbosa®’, Catarina Dias**, Edite Ferreira®’, Angela Alves'? Jorge Oliveira®®, Mario Sousa’?, Rute Pereira’?**

Primary ciliary dyskinesia (PCD) is a rare autosomal recessive
disease caused by defects on motile cilia structure/function.
Cilia are conserved and complex cell structures with vital
biological functions. Clinical manifestations vary, encom-
passing respiratory issues, infertility, and laterality disorders.
PCD diagnosis is challenging and depends on a multidisci-
plinary team and several laboratory techniques, including
the analysis of ciliary function by high-speed video-microscopy
(HSVM), ciliary structure by transmission electron microscopy
(TEM), and genetic analysis. Currently, 45 genes are linked to
PCD, but the genetic diagnosis is still complex, as about 30%
of the patients remain without a conclusive diagnosis.

We here investigate the genotype-phenotype correlations in
three female patients with a clinical suspicion of PCD and in-
fertility.

Under written informed consent, blood and nasal brushing
samples were obtained. The ciliary beat frequency (CBF)
and pattern (CBP) were assessed by HSVM, and the axoneme
ultrastructure was evaluated by TEM. Genomic DNA was ex-
tracted from peripheral blood for whole exome sequencing
(WES) analysis.

HSVM analysis revealed a low CBF mean (< 5 Hz), compared
to the reference CBF (mean 12.75 Hz) in all three cases; re-
garding CBP, two patients presented a 100% dyskinetic
pattern, and one a 91.7% dyskinetic pattern. TEM analysis
showed defects in axonemal dynein arms (motor structures).
WES evaluation identified 4 heterozygous compound variants
(2 in DNAH5 and 2 in CCDC40) in one patient, a homozygous
splicing variant in CCDC39 in another patient, and a homozy-
gous splicing variant in CCDC40 in the third patient. These
variants are extremely rare (allelic frequencies < 0.01% in the
global population) and considered pathogenic by bioinformatic
tools. To confirm pathogenicity, we are assessing the variant
impact through mRNA and protein expression analyses in
patient and family samples.

We foresee that these results will enhance genotype-phenotype
knowledge in PCD, aiding in pathophysiology comprehension,
and improving the genetic counselling.

'Laboratory of Cell Biology, Department of Microscopy, ICBAS-School of Medicine and Biomedical Sciences, University of Porto, Porto, Portugal

2UMIB-Unit for Multidisciplinary Research in Biomedicine, ICBAS-UP/ ITR-Laboratory for Integrative and Translational Research in Population Health, University of Porto, Porto, Portugal
*Department of Children and Adolescents, Centro Materno-Infantil do Norte (CMIN), Centro Hospitalar Universitario de Santo Anténio (CHUASA), Porto, Portugal

“Department of Pneumology, Centro Hospitalar Universitario de Santo Anténio (CHUdSA), Porto, Portugal

3 Department of Otorhinolaryngology, Centro Hospitalar de Vila Nova de Gaia/Espinho (CHVNG/E), Vila Nova de Gaia, Portugal

¢ Center for Predictive and Preventive Genetics, Institute of Health Research and Innovation (IBMC/i3S), University of Porto, Porto, Portugal

“Equal contributing authors
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WHAT PROCESS STUDIES IN GENETIC COUNSELING CAN TEACH US
ABOUT COMMUNICATION OF GENETIC INFORMATION TO FAMILY

MEMBERS: A SCOPING REVIEW

Maria Barbosa'? Sofia Fontoura Dias**, Filipa Julio®®’, Milena Paneque'® Célia Sales*®, Jorge Sequeiros’,

Few studies examine how healthcare professionals (HCPs)
address family communication in genetic counselling (GC).
Process studies in GC may elucidate less-known aspects of
practice, but no literature reviews have exclusively focused
on process studies that explore how communicating genetic
risk information to family members is addressed in GC. This
scoping review aims to fill this gap by investigating roles and
practices of HCPs concerning family disclosure during GC.

This scoping review followed the JBI and PRISMA guidance.
It included peer-reviewed primary research articles published
from 1997 onwards and written in English, Portuguese,
Spanish, or French. Studies that reported how family com-
munication of genetic information is addressed in GC, either
from the perspective of HCPs or the patients, were included.
Four databases (Web of Science, PubMed, PsycINFO and
Scopus) were searched and 21 articles met the eligibility
criteria for analysis. These were published between 2005
and 2022; seven were conducted in Australia. Nearly all
(n=19) studies were retrospective and qualitative, using in-
terviews, focus groups, clinical notes and audio-recordings

Liliana Sousa®*, & Alvaro Mendes’

of GC appointments. Eight studies focused on HCPs' views,
9 on patients’ views, and 4 on both, one being an observational
study.

Preliminary analysis suggested that HCPs consistently men-
tioned discussing family disclosure with patients. Some stu-
dies, however, reported that family disclosure was discussed
only minimally during GC or, sometimes, not at all. HCPs'
roles and practice included providing information, using
written materials, guidance and multidisciplinary support,
conducting psychosocial assessments, and addressing prac-
tical procedures. Patients frequently suggested how HCPs
could facilitate family disclosure, with most suggestions re-
flecting practices already adopted by HCPs.

This review provides insight that may inform ongoing dis-
cussions on the scope of practice, roles, and responsibilities
of HCPs in supporting patients in sharing information with
family members. Further prospective studies are needed to
clarify how GC influences decisions to disclose genetic risk
information and family communication.

! UnIGENe and CGPP - Centro de Genética Preditiva e Preventiva, IBMC - Institute for Molecular and Cell Biology, i3S - Instituto de Investigagao e Inovagao em Sauide, University of Porto,

Porto, Portugal
2 Faculty of Psychology and Educational Sciences, University of Porto, Porto, Portugal
3 Department of Education and Psychology, University of Aveiro, Aveiro, Portugal

+ CINTESIS@RISE - Center for Health Technology and Services Research, University of Aveiro, Portugal

5 European Huntington Association and Portuguese Huntington Association
SFaculty of Psychology and Educational Sciences, University of Coimbra, Coimbra, Portugal

7CIBIT - Coimbra Institute for Biomedical Imaging and Translational Research, University of Coimbra, Coimbra, Portugal

8 ICBAS School of Medicine and Biomedical Sciences, University of Porto, Porto, Portugal
¢ CPUP - Center for Psychology at the University of Porto, Porto, Portugal
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A NOVEL DE NOVO SERPINC1 VARIANT ASSOCIATED

WITH ANTITROMBIN Ill DEFICIENCY

Introduction: Antithrombin Il (ATIII), encoded by SERPINC1
gene (with 7 exons lies in 1g25.1), is a natural anticoagulant
glycoprotein that inhibits thrombin and activated factors X
and Xl regulating the blood coagulation cascade. ATIII defi-
ciency is associated with increasing risk for venous thrombosis,
is present in 1-2% of thrombosis cases and can be inherited
or acquired. Inherited deficiencies are divided into type | and
type Il. In type |, the concentration and activity of ATIII are
decreased while in type Il, despite its normal concentration,
the functional activity is low. ATIII deficiency usually has an
autosomal dominant pattern of inheritance.

Methods: A 40 years old female patient clinically diagnosed
with ATIII deficiency (Activity: 41%; Antigenic: 54%; ref.>80%)
and no family history of thrombosis, was sent for molecular
studies. Genomic DNA was used for SERPINC1 analysis
(PCR and Sanger-sequencing). Bioinformatic studies were
performed using several pathogenicity prediction tools (Alamut
Visual; VarSome; Human Splicing Finder; Franklin by ge-
Noox).

' Human Genetics Department, National Institute of Health Dr. Ricardo Jorge, Lisbon, Portugal.

Rita Certd’, Isabel Moreira’, Sara Morais®, Jodo Gongalves'®

Results and Discussion: SERPINC1 analysis allowed the
identification of the missense variant: ¢.512A>G, p.(Lys171Arg),
present in heterozygosity. This alteration is not reported in
any database, neither in scientific literature. Physicochemical
differences between Lys and Arg are small, and Arg is weakly
conserved between species. in silico analysis to assess the
variant’s consequences suggested that its protein function
is not affected (PolyPhen2: benign; SIFT: tolerated; Muta-
tionTaster. polymorphism). Splicing predictors suggested
that normal mRNA processing may be affected, due to a new
donor splice site. According to ACMG-guidelines, this alteration
can be classified as variant of uncertain significance (VUS)
(PM2_moderate, PM1_supporting). Family studies confirming
that it was a de novo event (absent in both parents). As no
other variant was identified in this gene, c.512A>G,
p.(Lys171Arg) is most likely associated with the ATIII deficiency
in this patient. Further investigation, including mRNA studies,
are planned in order to characterise the molecular mechanism
underlying the ATIII deficiency.

?Clinical Haematology Service, Hospital Geral Santo Anténio, Centro Hospitalar Universitario de Santo Anténio, Porto, Portugal.

*Center for Toxicogenomics and Human Health, Nova Medical School, Lisbon, Portugal.
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NEUROFIBROMATOSIS TYPE I: MOLECULAR DIAGNOSIS

IN A PORTUGUESE COHORT

Carolina Teixeira’?, Mario Laco® Patricia Martinho?, Janet Pereira®, Fabiana Ramos®, Sofia Fernandes®, Teresa Fidalgo?

Introduction: Neurofibromatosis type | (NF1), an autosomal
dominant disorder, is one of the most common RASopathies
with an incidence of 1 in 2500 to 1 in 3000 individuals. It's
mainly characterized by multiple café-au-lait macules, cuta-
neous and subcutaneous neurofibromas, iris hamartomas,
freckling of axillary and inguinal regions and plexiform neu-
rofibromas. NF1 is a disease caused by loss-of-function va-
riants in a tumor suppressor gene, the neurofibromin 1 gene
(NF1). More than 4000 pathogenic variants are reported and
around 30% of the pathogenic NF1 DNA variants affect the
splicing event. The aim of this work was to carry out the mo-
lecular diagnosis of patients with clinical suspicion of NF1
using a two-step strategy genomic DNA (gDNA) and comple-
mentary DNA (cDNA).

Methodology: In this study, 34 individuals from 28 unrelated
families with NF1 clinical suspicion were studied. The se-
quential study of NF1 starts with the study of the coding
region by next generation sequencing (NGS), proceeds to
the study of copy number variations (CNV) by multiplex
ligand probe amplification (MLPA) and ends with cDNA ana-
lysis.

Results: Nineteen different variants have been identified in
NF1, in 20 of 28 probands, of which two are de novo and four
are novel (c.5692dup, ¢.2614G>T, c¢.1392+751T>G,
€.(3974+10_3982)_(6250_6387)del). Seventy-three percent

of patients were NF1 positive and 27% negative. The NGS
study revealed 16 different of variants, MLPA identified a
large deletion, and cDNA Sanger sequencing allowed the
identification of a deep intronic variant and the confirmation
of the previously identified splice variant (skipping of exon
31 was detected). The cDNA study was also performed on
novel variants to understand their effect on mRNA. Six
variants were classified according to the NF1 splicing variant
system classification1, based on their effect on the splicing
event.

Discussion: This two-step strategy proved to be highly
efficient, as the combination of three different and comple-
mentary methods (gQDNA and cDNA sequencing, and MLPA)
it was able to identify 19 different variants, four of which had
not been previously described. The addition of cDNA se-
quencing to the diagnostic algorithm was fundamental to
understanding the impact of DNA variants on NF1 mRNA.
Phenotype-genotype correlation in NF1 is usually difficult
and it was no exception in this study, although some correla-
tions could be established. To better assess the sensitivity
of this two-step strategy, a large number of individuals should
be studied.

[1] Wimmer K, et al. (2007) Hum Mut 28: 599.

'Faculty of Medicine, University of Coimbra, Coimbra, Portugal; 2Molecular Hematology Functional Unit, Centro Hospitalar e Universitario de Coimbra, Coimbra, Portugal; *Medical Genetics Unit, Centro
Hospitalar do Tamega e Sousa, Penafiel, Portugal; ‘Research Centre for Anthropology and Health (CIAS), Department of Life Sciences, University of Coimbra, Coimbra, Portugal; *Medical Genetics Unit,
Hospital Pediatrico, Centro Hospitalar e Universitario de Coimbra, Coimbra, Portugal; “Family Risk Clinic, Portuguese Oncology Institute of Lisbon (IPO Lisbon), Lisboa, Portugal.
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GENETIC TESTING FOR CARDIOMYOPATHY IN AN

UNIVERSITY HOSPITAL IN BRAZIL

Maria Angelica de Faria Domingues de Lima’, Antonio Pedro Lima Costa Pereira? Matheus Medeiros Foureaux?

Hereditary cardiomyopathy is an heterogenous group of di-
seases that affect families and has a major risk of arrhythmia,
cardiac failure and sudden death. The uptake of genetic
testing is small in Brazil, especially in the public health
system. We report on the experience of genetic testing for
hereditary cardiomyopathy among patients of a university
hospital in Rio de Janeiro.

All patients with primary cardiomyopathy, who underwent
genetic testing for primary cardiomyopathy in the cardiology
or genetics out-patient clinic at Gaffrée and Guinle Hospital
were invited to participate in this study. This is an observational
study. Data about cardiomyopathy phenotype, age at diagnosis,
genetic testing results, family history was collected from all
participants.

From 2021 until 2023, 21 patients were included in the study;
71% were male and the mean age was 57 years old. 62% pre-
sented hypertrophic phenotype and 38% dilated cardiomyo-
pathy. Other phenotypes were not observed in this sample.
Family history was positive for sudden death, cardiomyopathy,
arrhythmia, or myocardial infarction in 66%. Genetic testing
identified pathogenic variants in 8 cases and variants of

! Gaffrée and Guinle University Hospital - HUGG/EBSERH
? Federal University of the State of Rio de Janeiro - UNIRIO
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Ana Gabriela Medeiros? Lucas Fonseca da Silva? Fabio de Souza?

unknown significance in another 9 cases. Most were index
cases for families, except for two patients who were cousins.
Pathogenic variants were identified in BAG3 (1), TTR (3),
MYH7 (2) and GLA (2). Noteworthy, one case of dilated phe-
notype was associated with TTR variant, however, further in-
vestigation excluded amyloid cardiomyopathy.

Even though the interest in hereditary cardiomyopathy has
increased in past years, the uptake of genetic testing is still
discrete. Studies show that most cases of cardiomyopathy
are associated to MYH7, TTN and MYBPC3 genes. Even
though this sample has showed different results, we feel it is
still too small to draw conclusions. Access to genetic testing
is a problem in Brazil, as it is expensive, private health
insurance doesn't cover and is unavailable in the public
health system; therefore, sponsored testing or testing in the
research setting are the available options for most of the po-
pulation.

Declaration of Interests
No conflict of interests
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PHENOTYPIC AND GENETIC ANALYSIS OF MACROTHROMBOCYTOPENIA
PATIENTS WITH VARIANTS IN GLYCOPROTEIN IB ALPHA SUBUNIT (GP1BA),
GLYCOPROTEIN IB BETA SUBUNIT (GP1BB) AND GLYCOPROTEIN IX (GP9)

Catarina Monteiro"***, Ana Gongalves

Introduction: The GPIb/IX/V complex is the platelet receptor
for von Willebrand factor (VWF), essential for haemostasis.
Homozygous or compound heterozygous variants in GP1BA,
GP1BB or GP9, encoding the complex subunits, are at the
origin of Bernard-Soulier syndrome (BSS), a bleeding disorder
characterised by macrothrombocytopenia and platelet dys-
function, due to reduced or dysfunctional complex. Recently
reported monoallelic cases, with GP1BA or GP1BB variants
transmitted as an autosomal dominant state, show moderate
phenotypes. Gain-of-function (GoF) GP1BA variants are as-
sociated with an increase in the binding affinity for VWF, re-
sulting in platelet-type von Willebrand Disease (PT-VWD).

Methodology: From a cohort of patients with inherited throm-
bocytopenia, 14 probands were suspected of having GPIb-
IX-V involvement, based on clinical data, platelet counts and
size, and functional studies (ristocetin-induced platelet ag-
glutination and GPIb/IX glycoproteins expression quantifi-
cation). Genetic screening was performed by NGS and/or
Sanger sequencing. The variant's pathogenicity was assessed
by ACMG recommendations, segregation studies and in-
silico predictions.

Ménica Pereira®®*, Marta Gongalves®*®, Catarina Lau®*®,

Eugénia Cruz® Sara Morais*** and Rosério Santos'**

1,34
’

Results: Genetic studies allowed the confirmation of 13 BSS
families and 1 PT-VWD case. Five families were identified as
biallelic BSS, 3 with variants in GP1BA and 2 with a pathogenic
GP9 variant. Regarding the eight monoallelic BSS families, 4
presented variants in GP1BB and 4 in GP1BA. Phenotypically,
biallelic BSS cases have a more pronounced PLT dysfunction
phenotype compared to monoallelic. Furthermore, a new
GoF variant in GP1BA was identified in a novel case of PT-
VWD. Overall, 10 new variants were found (6 in GP1BA and 4
in GP1BB) and classified as variants of unknown significance
(5), Likely Pathogenic (4) or Pathogenic (1).

Discussion: This work expands the spectrum of heterozygous
variants in GP1BA and GP1BB associated with monoallelic
BSS. Upon clinical and genetic evaluation, a diagnosis was
obtained in a total of 27 cases, from 14 unrelated families. In
general, BSS variants were identified in the extracellular and
transmembrane regions, involved in GPIb-IX-V assembly and
ligand binding.

! Laboratério de Genética Molecular, Servigo de Genética Laboratorial, Centro de Genética Médica Jacinto Magalhaes, Centro Hospitalar Universitario de Santo Anténio (CHUdSA), Porto.
2 Unidade de Trombose e Hemostase & Centro de Coagulopatias Conggénitas, Servi¢o de Imunohemoterapia, Centro Hospitalar Universitario de Santo Anténio (CHUdSA), Porto.

3UMIB - Unit for Multidisciplinary Research in Biomedicine, ICBAS - School of Medicine and Biomedical Sciences, University of Porto (UMIB/ICBAS/UP)

4ITR - Laboratory for Integrative and Translational Research in Population Health, University of Porto, Porto.

5 Unidade de Diagnostico Hematolégico, Servi¢o de Imunohemoterapia, Centro Hospitalar Universitario de Santo Anténio (CHUdSA), Porto.
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GENOTYPE-PHENOTYPE ASSOCIATIONS OF HERITABLE
TP53-RELATED CANCERS BEARING LOSS-OF-FUNCTION OR
DOMINANT NEGATIVE PATHOGENIC VARIANTS

Dias A."** Quental R.* Sousa S.?° Barbosa-Matos R.? Oliveira C.>°

Background/Objectives: TP53 germline pathogenic variants
predispose to diverse cancers. Non-truncating variants are
often Dominant-Negative (DNE) and truncating Loss-of-Func-
tion (LoF). Intensive surveillance of target organs reduces
cancer-related mortality; however, it is difficult to prioritize
high-risk organs for surveillance in different TP53 variant
types. We conducted a genotype-phenotype analysis consi-
dering LoF vs. DNE pathogenic TP53 variant carriers.

Methods: We selected ClinVar TP53 pathogenic/likely patho-
genic variants reviewed by expert panels/consensual among
multiple submitters to guide data collection from IARC TP53
Database. Variants were classified as LoF (frameshift, non-
sense, out-of-frame splice-site, large deletions, and missense)
or DNE (missense). Genotype-phenotype associations were
analyzed using Mann-Whitney or x2 tests and multivariable
logistic regression models.

Results: We included 2772 clinical data registries from 2106
patients belonging to 930 families carrying 210 distinct va-

! Abel Salazar Biomedical Sciences Institute (ICBAS), Porto

2 Institute for Research and Innovation in Health (i3S), Porto

* Institute of Molecular Pathology and Immunology of the University of Porto (IPATIMUP), Porto
+ University Hospital Center of Sao Jodo (CHS]), Porto
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riants. 64% (1764/2772) cancer-phenotypes had DNE variants
and 62% (1717/2772) occurred in females. Multivariable
logistic regression showed that adrenal gland, esophagus,
and prostate carcinomas were associated with LoF variants,
while brain and lung carcinomas and other sarcomas with
DNE variants (p<0.05). Both DNE and LoF variants have
lower age-of-diagnosis in male patients (p=0.003 and p=0.004,
respectively). The five core cancers also exhibit a significantly
lower age-of-diagnosis than non-core (p<0.0001) cancers,
and DNE-associated phenotypes had lower age-of-diagnosis,
specially in the non-core cancers (p<0.05).

Conclusion: The estimated risks of specific cancers depend
on the type or germinative variant (DNE or LoF), support, if
further validated, privileged surveillance of specific organs/sys-
tems according to the TP53 variant molecular type.
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HEREDITARY BREAST OVARIAN CANCER (HBOC): A PROJECT TO
OPTIMIZE HEREDITARY CANCER PATHWAYS TO SAVE LIVES AND

COSTS

Ana Mamede’, Luzia Garrido'?®, Liliana Sousa '*, Renata Oliveira®, Jodo Parente Freixo? Pedro Louro®, Susy Costa’®,

André Magalh3es®, Sénia Sousa’”, Susana Fernandes®, Sérgio Castedo'** Carla Oliveira™*

Introduction: Hereditary Breast and Ovarian Cancer (HBOC)
syndrome is caused by inactivating BRCA1 and BRCA2 germ-
line variants. Female carriers have high-risk of developing
one or more deathly early-onset cancers in breast, ovary and
pancreas, while males may develop prostate, breast and
pancreatic cancer. Intensive surveillance and/or prophylactic
surgery decrease cancer risk and increase carrier lifespan,
but the economic burden of prevention is unknown. We aim
to estimate the economic impact that the application of op-
timized care pathways and multidisciplinary care management
may have in patients and families with HBOC.

Methodology: We performed a retrospective analysis of
clinical and molecular data from Oncogenetic clinical records
of families with germline variants in BRCA1/2 followed at
Centro Hospitalar Universitario Sdo Joao (CHUSJ) that will
be used to anticipate patients’ individual trajectories of HBOC
patients and prevention cost-effectiveness analysis.

! Instituto de Investigagdo ¢ Inovagdo em Saiide (i3S), Universidade do Porto, Porto, Portugal;

Sio Jodo, Porto, Portugal;

orto, Portugal;

*Insituto de Patologia ¢ Imunologia Molecular da Universidade do Porto, Porto, Portugal; Servigo d , Faculdade de Medicina da Uy

Results: We identified 220 families carrying a BRCA1/2 Pat-
hogenic/Likely Pathogenic

variant with a total of 1002 individuals tested. BRCA1 variants
were identified in 78

families with 332 family members tested (218 positive,114
negative) and BRCA2 variants in 139 families with 658 indi-
viduals tested (354 positive, 297 negative and 7 waiting for
the result). Three additional families have both a BRCAT and
a BRCAZ2 variant, with 12 family members studied (5 positive
for both, 3 negative for both, 3 positive for the BRCA1 variant
and negative for the BRCA2 variant and 1 negative for BRCA1
and positive for BRCA2.

Discussion / Conclusions: These data will be used to calculate
the cost and impact of preventive measures applied to HBOC
patients in the north of Portugal.

idade do Porto, Porto, Portugal
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NOVEL INSIGHTS INTO LIFETIME RISK IN HDGG: LOWER CANCER RISK
FOR THE MOST RECURRENT CDH1 VARIANT IN EUROPE

Barbosa-Matos, R.**°: Fonseca, J.**: Garrido, L.6; Mamede, A. *¢; Oliveira, R.%%; Freixo, J.%": Louro, P%¢; Quental, R.%;
Grangeia, A.%; Pinheiro, H.**9; Fernandes, S.¢; Gullo, .*%¢; Carneiro, F.>%¢; Castedo, S.**; Drouet, Y.": Oliveira, C. ***

Introduction: Hereditary Diffuse Gastric Cancer (HDGC) is an
autosomal dominant syndrome mostly associated with pat-
hogenic germline variants in the CDH1 gene conferring an in-
creased risk for Diffuse Gastric Cancer (DGC) and Lobular
Breast Cancer (LBC). The current understanding of HDGC fa-
milies’ disease risk is limited due to its incomplete penetrance,
different severity, and unknown mechanisms of disease pro-
gression. It is urgent to maximize disease prevention and to
facilitate risk stratification of carrier that should undergo
risk-reducing surgeries.

Methodology: We collected extensive demographic and
clinical data from 11 families from the North region of
Portugal carrying the pathogenic ¢.1901 C>T CDH1 founder
variant (285 individuals with 171 genotyped cases). Using
the genotype restricted likelihood (GRL) method, considering
non-genotyped individuals and conditioning on all observed
phenotypes and genotypes (n=285), we estimated the cu-
mulative risk of DGC and LBC for the ¢.1901 C>T CDH1
variant.

*i3S(Instituto de Investigagdo e Inovagao em Satde), U.Porto, Porto, Portugal

b Ipatimup(Institute of Molecular Pathology and Immunology), U.Porto, Porto, Portugal
< ICBAS(Instituto de Ciéncias Biomédicas Abel Salazar), U.Porto, Porto, Portugal

4 Faculty of Medicine of the University of Porto, Porto, Portugal

¢ CHUS]J(Centro Hospitalar e Universitdrio de Sao Jodo), Porto, Portugal

Results/Discussion: This retrospective cohort study constitutes
the largest dataset of probands and relatives for the most re-
current CDH1 variant in Europe. For the first time, we calculated
less biased estimates for both HDGC-cancer phenotypes in
carriers of a specific CDH1 variant, with the lowest cumulative
risks ever described (DGC= 13.8% for both genders at 65
years old and LBC= 11.8% for female carriers only at 65
years old).

Conclusion: Our results reinforce the importance of collecting
extended pedigree information for penetrance studies and
support a strategy for creating clinical datasets that can be
applicable to other recurrent variants from different hereditary
syndromes.

f Center for Predictive and Preventive Genetics, Institute for Molecular and Cell Biology, Porto, Portugal

¢ Department of Internal Medicine, Centro Hospitalar Tamega e Sousa, Portugal
h Department of Public Health, Centre Léon Bérard, University of Lyon, France
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GENETIC COUNSELLING AND CARRIER SCREENING: 4-YEAR
EXPERIENCE OF THE FIRST PUBLIC GAMETE BANK IN PORTUGAL

Isabel S. Nunes™? Célia A. Soares™*** Jorge D. da Silva'**®, Emidio V. Fernandes®’, Marcia Barreiro®’, Ana M. Capela’,
Maria Abreu’, Cldudia F. Reis"**%, Ana M. Fortuna'?, Natalia Tkachenko'? Ana R. Soares’?

Introduction: Genetic counselling and carrier screening are
initial steps in the process of gamete donation by healthy in-
dividuals. They include careful personal and family anamnesis
and genetic carrier screening. Most medical societies agree
on the importance of pre-test genetic counselling, but differ
on the carrier screening strategy.

The aim of this work was to review the results obtained from
genetic counselling and screening of gamete donor candidates
at Portugal's first public gamete bank.

Methodology: Between January 2019 and June 2023, 218
candidates (65 men, 153 women) were assessed in a Medical
Genetics consultation. The study included karyotyping, testing
for the main variants of cystic fibrosis (CF) and spinal
muscular atrophy (SMA) and screening for haemoglobino-
pathies. All the women were tested for Fragile X Syndrome.

Results: The genetic counselling consultation by a geneticist
enabled 24 candidates (11%) to be identified as needing
complementary studies or personal/family referral to a
Genetics consultation. Four of the cases were suspended or
excluded (1.8%).

“Primeiros Coautores

The carrier test identified alterations in 27 candidates (12.4%):
15 carriers of recessive diseases (7 FQ, 5 SMN, 1 Fragile X
Syndrome); 8 candidates had chromosomal alterations, one
of them with the Philadelphia chromosome (associated with
chronic myeloid leukaemia); 2 were carriers of sickle cell trait.

Combining the entire candidate screening process (counselling
and studies), alterations that required further evaluation were
identified in 45 cases (20.6%).

Discussion: These results underline the importance of as-
sessing personal and family history in genetic counselling
consultations. They also reinforce the discussion about the
strategy adopted, both in the counselling consultation and
in the genetic study carried out (narrower or broader). Different
strategies lead to different results, with consequences not
only for the donation process itself, but also for the manage-
ment of resources to guide it.

References: Soares, C., et al, Genetic counseling and carrier
screening in candidates for gamete donation at a Portuguese
center, JBRA Assist Reprod. 2023 Apr-Jun; 27(2): 180—184.
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RETROSPECTIVE STUDY OF DIAGNOSTIC UTILITY OF USING ARRAY-
CGH OR SEQUENCING PRENATALLY, IN FETUS WITH CENTRAL
NERVOUS SYSTEM ABNORMALITIES

Vera MF Santos’, Fabiana Ramos'?, Joaquim S&™? Luis Abreu? Filipa Nunes?, Filipa Marques?, Eulélia Galhano? Miguel Branco?,

Introduction: Central nervous system (CNS) abnormalities,
represent a common and serious congenital malformation.
In Portugal, its prevalence is 21 in 10 000 births, and many
are detected in prenatal'?. Diagnose represents a challenge.
Studies in the prenatal period should be efficient, economical
and reliable to allow for proper genetic counselling’. Previous
studies have shown that the diagnostic rate of comparative
genomic hybridization array (aCGH), is 6.5%%**, and the diag-
nostic rate of exome sequencing (ES), varies from 8.5% to
24%"*. Since we have expensive studies and limited resources,
it is imperative to define well-founded strategies. The objective
of this work is to assess the value of each of these techniques
as a diagnostic tool, comparing the diagnostic yield of aCGH
and ES, and associating it with the diagnostic rate.

Methods: Retrospective study of two years of evaluation,
from January 1, 2021 to December 31, 2022. We compared
27 cases of fetuses following termination of pregnancy due
to CNS abnormalities, identified by prenatal ultrasound, in
the Prenatal Diagnosis Unit. Clinical findings were organized
in isolated, multiple or multisystem. Data from clinical eva-
luations, prenatal ultrasound, autopsy and results from aCGH
and/or sequencing were analysed.

Results: The study included 56 cases of fetuses following
termination of pregnancy due to CNS abnormalities, focusing
on 36 on which a genetic study was performed. Among all
36 cases, 9 CNS abnormalities were isolated, 12 were complex
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and 15 were multisystem. Array-CGH was performed in 25
cases and diagnosis was achieved in 6 cases (24%); ES was
performed in 12 cases, and we obtained an increase of 28,6%
(4) in the diagnostic rate: 20% (isolated), 25% (complex) and
66,7% (multisystem). An autopsy was performed on all
fetuses and confirmed and detail the clinical findings.
Relatively to the cases diagnosed, it also completed with
new findings in other systems in 5 cases, and in 1 suggested
a diagnosis, confirmed after by genetic study.

Discussion: In our study, the diagnostic rate of aCGH and ES
results are slightly higher than in previous studies. ES had a
similar detection rate in both groups, isolated and complex,
but they are higher when compared with the detection rate
of aCGH. The diagnosis rate is even more significant in mul-
tisystem cases, achieving 50% with aCGH and 66,7% with
ES. In a general way, ES seems to be a potential method to
improve the diagnosis, and performed after the aCGH leads
to a significant increase in the diagnosis rate, mostly in mul-
tisystemic cases. However, we must take note that two years
is a short period of evaluation, and our group is also limited.
Further research is needed, particularly expanded to other
units, for definitive conclusions, standardization of procedures
and maximization of benefits and efficiency. Autopsy proved
to be an excellent in the diagnostic process.
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